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SECTINN 1.0 GENFRAL

1.1 Purpose of the User's Manual. The ohjective of the user's manual (UM) for the
Wind Factor Simulation ModeV [(WFSM), USAFETAC Proiect 1923, is tn provide the
information necessarv to use the model effectivelv. This user's manual s
supplemented by USAFETAC/TN-RO/0ON], Wind Factor Simulation Model, Anril 1080, which
nrovides an tm=rdebth treatmént of the model's science and mathematics. This manua)
refers to USAFETAC/TN-RN/N01 freauently. Readers may wish to have the technical note
availahle as sunplementarv reading.

1.2 Proiect References. The Wind Factor Simulation Model (WFSM) i< emhndied in a
constellation of computer subroutines that calculate simulated wind factors for a
laroer simulation model in which the WFSM resides. ONrioinally, the WFSM was written
to serve the Military Airlift Command's (MAC) airlift system simulation called
COLNSSUS,  COLOSSUS is MAC's attemnt to test hy means of comnuter simulation its ahil
itv to respond to a continaency at anv place or any time. MAC perceived a need to
enhance the realism of COLNSSUS hv addina simulated weather. The formal reauest far
this weather support is dated 24 July 1978, This request called for three weather
modules: (a) terminal weather for takeoff/departure; (H) enroute refuelina
weather; and (c) enroute wind factors. Efforts to meet reauirement (a) beaan as
early as 19077, This UM documents software developed to meet reauirement (c).

1.2.1 Project Reauest. 7WW/DON letter to USAFETAC/DO, Request for Weather Data,
74 a7 14978, .

1.2.2 Documentation on the Project. USAFETAC/THM-RN/NN] | Wind Factor Simutation
HModel: Model Description, Anril 188N, -f
\¢' D

1.7.3 Nocumentation Concerninag Related Proiects. MNone. }

.
{ L

1.7.4 Standards or Reference Documentation. '

1.7.4.1 DNocumentation Standards and Specifications. Documentation is in accordance
vith DODN Standard 7635.1-5, Automated Data Svystems Documentation Standards,
13 Sentember 1077, and AFM 171-100, 300-12, and 300n-15,

1.2.4.2 Proarammina Conventions. American National Standard X3,0-196f FORTRAM

nroarammina convention has been adhered to except in the followina cases:

a. Extensive use of the Honeywell 6A000-Series FORTRAN Execution Error Monitor
[FXEM) has heen made to assist in debuqaina.

h. Continuation statements are handled with an ampersand in column 1 rather than
A nonbhlank character in column 6. This nermits runnina the WFSM in Honevwell TSS
YFORTRAN as well as in CARDIN.

1.2.4,3 DOD or Federal Standards. Documentation provided in the UM is in accordance
with DN Standard 7938 1-5, 13 September 1977.

1.3 Terms and Ahhreviations:

Model: A representation, description, or imitation of a svstem or phvsical nrocess
{such as the atmnsphere) in another medium (such as a comnuter). A model is a sim-
ntified, aeneralized concentualization of comnlex realitv, usuallv hased on a set of
simplifvina assumntions needed to obhtain tractahle solutions. The model is so con-
structed as to hehave similarlv to its nrototyne svstem or physical nprocess in some
sense considered critical to the problem at hand. The model ahstracts or nreserves
suitahlv chosen "essential” nronerties of the system or nrocess heina modeled.

Simulation: A numerical technique hy which systems or processes are modeled diai-
tally in oarder to study the hehavior of the process nr system heina simulated,
usually as a function of time. Simulation has been described as attaining the
essance without the realitv., Its purpose is to nermit drawino conclusions ahout the
real-world system or process through use of the simulator as a tonl for study. AV
simulations are models, but not all models are simulators.
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Environmental Simulation: A selectivelv realistic synthesis of aerosnace hehavior
consistent in space and time. A techniaue, often involvina mathematical and
prohahilistic models, of describing or analvzina the environment of the effects of
the environment on the system. An environmental simulation model can stand alone or
can onerate within a laraer simulation model such as COLOSSUS.

CALNSSUS: Name aiven to MAC's attemnt to simulate their airtift forces' capahilityv
to respond to a contingencv anywhere at any time.

Wind Factor: The difference bhetween the daround speed of an aircraft and its true
airsneed.

Minetv Percent llorst: A wind factor whose value is exceeded 90 nercent of the time,
i.e., there is a l0-percent risk that one will encounter a wind factor more nenative
than the 90-percent worst wind factor.

Great Circle Distance (GCN): The distance hetween two noints computed alona a areat
circle of the earth. A qreat circle of the earth is any circle around the surface
of the earth whose center coincides with the center of the earth. A1l lonaitude
lines are gqreat circles. The only 1latitude 1line that is a areat circle is the
equator.

Mewton's Iterative Method: A mathematical techniaue anplied in subroutine GRTCIR to
solve a transcendental equation (see USAFETAC/TN-80/001).

Sawver's Eauivalent Headwind Techniaue: The mathematical techniaue used in the WFSM

to compute wind factors. For details see USAFETAC/TN-80/nn1 and AWS-TR-77-267, Guide
for Applied Climatolooy, Movember 1077,

1.4 Securitv and Privacy. This UM and the Wind Factor Simulation Mndel (WFSM) for
which it is written are unclassified and can be released to the puhlic. Mo privacy
restrictions are associated with the use of this system to include innut, output,
data base or programs.
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SECTION 2.0 SYSTEM SUMMARY

2.1 Svstem Apnlication. The Wind Factor Simulation Model (WFSM) was desianed and
déveloped to hé incorporated in the Militarv Afrlift Command's simulation of airlift
forces. This advanced computer simulatinn effort is called COLOSSUS.

Nesianers of the COLNSSUS simulation determined that three weather elements most
seriouslv impact airlift svstem operations: terminal weather for departure/re-
covery, enroute visibility for infliaht refuelina, and enroute winds., The WFSM was
devetloned in response ton the third COLOSSUS reauirement. Wind factors aenerated hy
the WFSM enhance the effectiveness of the CNLOSSUS simulation by enahlina calcula-
tion of realistic fliaht times hased on climatoloaical winds.

The WFSM provides to COLNSSUS the around speed of an aircraft on a simulated fliaght
from noint "A" (takeoff) to ooint "R" (landina), two noints anvwhere on the olohe.
It does this by calculating an overall enroute mean wind factor hetween these points
hv the Sawyer eauivalent headwind techniaue and then anplvina the result to a simnle
alaebraic expression for ground speed. For details on how this is accomplished, see
USAFETAC/TMN-RN/0N01.,

There are at least two other anplications for the WFSM., First, it can he used, with
appropriate modifications, as an efficient method of aeneratina wind and areat circle
naviaation information. It is efficient in terms of computer run time and cnrre
storaae. Its efficiency is especially evident in comparisons hetween the current
onerational wind factor models and the WFSM, In addition, this module, aacain with
required changes, can he used in other simulators. Simulation efforts are increasina
in number and complexity. It follows that a requirement for a module incorporatina
weather information should be included in these simulation efforts. The WFSM can he
a nartial fulfillment of that requirement.

2.7 System Oneration. Before the wirSM is first invoked, a user-sunnlied dinitial-
izina module must read the wind data base from a sequential file (card, tane, or
disk; but as implemented on MAC's Honevwell Series-A0OND computer, a disk file) into
the computer's memory.

After the data hase has heen loaded into the computer's memorv, the user at anv time
mav invoke the WFSM hy calling its main subroutine, EMRWMD. In that call, the user
tells FEMRWMD the location of point "A" (takeoff) and noint "R" (landina), the air-
craft altitude and airspeed, and the date/time for which the wind factor s
reaquested, The WFSM then resnonds by steppina the aircraft alona a areat circle
route hetween "A" and "B", calculates a route-mean wind factor, adds that wind factor
to the oiven airspeed, and returns route-mean around speed to the user. The pnrocess
is illustrated in Fiqure 1.

One-Time
Initialization
{User

Written)

Location
Altitude
Date/Time
Airspeed
Lty

WESM User Call

Ground
Speed

FIGURE 1. Svstem Nneration.
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?.3 System Confiquration. The WFSM was developed for use on the MAC Honeywell
FhNh-Series computers at Scott AFR, Illineis. In particular, the WFS™ executes on a
Honevwell 6080 computer. Durina proaram desian and codina, the aoal of intercomputer
compatihility was for the most nart adhered to. With excentions noted in naraaranh
1.7.4.2, the WFSM should compile and execute on any comnuter with a FORTRAN compiler.

The wind data base for the WFSM resides in the computer's core storaae durina
execution and on a seauential file {(card, tape, or disk) before execution. A
user-supplied initializina module external to the WFSM must read that ﬁata hase from
the file into the computer's memory before WFSM is first invoked, As 1mn1engnted.on
the MAC Honeywell 60R0D, the wind data hase resides on a nermanent seauential disk
file.

Canfiquration necessary for a computer %to use WFSM typically reauires 2 .FnRTPAN
compiler, linkina loader, disk storage, and FORTRAN disk input/output capability.

2.4 System O0Oraganization. The WFSM 1is c¢onded as a constellation nf seven FNRTPAM
subproarams with the functions described in Table 1. The principal subroutine is
EMRWND, with which the user's proaram communicates directlv via arauments of the
FORTRAN CALL statement. Subroutine ENRWMD, in turn, calls other subproarams, some of
which call still other subnroarams. The hierarchy of subroutine calls is shown in
Fiaure 2.

TARLE 1. WFSM SURPROGRAMS.
Subproaram Purpose

EMPWND Main enroute wind factor subnroaram,
called directly by user to compute around
sneed from aiven airspeed in any of three
modes for two flight levels and four
seasons of the year.

DISTANM Called bhv EMRWMND and HDG or directlv by
user to compute areat circle distance
hetween anv two noints on the alobe.

SPHALO Conversion of spherical coordinates tn
alobal latjtude and longitude or vice-
versa. Called by GRTCIR.

GRTMIR Snlution of areat circle equation for
tatitude aiven lonaitude, or for lonai-
tude aiven latitude. Called hv ENPUND,

HNG Calculation of initial headinc alona a
areat circle route flown from a ajven
orinin to a agiven destination. Called
bv ENRWND and GRTCIR.

RRLMG For a spherical arid system whoss longi-
tude boundaries are spaced at 30" inter-
vals, finds the longitude arid valtues
hracketing a aiven arhitrary lonqgitude.
Calied by ENRWND.

RRLAT For a snherical arid system whosg Tati-
tude houndaries are spaced at 15 inter-
vals, finds the latitude arid values
hracketina a aiven arbitrary latitude.
Called by ENRWND.

Tetailed explanation of the processina done by each 3 i i i
. : uhnroaram is availahl
NSAFFTAC/ TN RO /NNY Y vertanie am

As :hawp in'FiqurP 3, the WFSM 4js desianed to oc.erate as a miniature, suhservient
simulation within the user's overall simulation model. As such, WFSM is supplied as
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ENRWND

HOG DISTAN GRTCIR BRLNG BRLAT

DISTAN SPHGLO HDG

FIGURE 2. Hierarchy of Subhroutine Calls.

USER’S
SIMULATION
MODEL

WIND FACTOR
MODEL

—Subroutine—
ENRWND

Supporting
Subprograms
(6]

FIGURE 3. WFSM as Server-Model within User's Simulation Mndel.

a constellation of FORTRAN subroutines. Even the main WFSM module, called EMRWND, is
a subroutine. A1 communicatiaon between WFSM and the encompassina overall simulation
is done throuah the arauments of the user's CALL statement and corresnonding
arauments of the SURRNUTINE EMRWND statement. '
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2.5 Performance.

?2.5.1 Capahilities. The WFSM 4s capable of onroducina mean overall climatoloaical
wind factors for areat circle routes. 1t does so in any of three modes: calm wind
case, A9 .percent worst wind case, and the mean wind case. The wind factor can bhe
nroduced for two fliaht levels and for four seasons. In addition, the model, throunh
its suhroutine NISTAN, can provide the areat circle distance (GCN) nhetween any two
points over the qlobe. Since it nroduces both wind factors and GCD, it is capahle of
calculatina both the around speed and the adjusted flyina time hetween points "A" and
“R" if given the airspeed.

2.5.2 Assumntions. The WFSM assumes that all routes are areat circle routes or can
he subdivided into several leas each of which is a areat circle seagment. It is
further assumed that climb winds and descent winds plav a nealiagible role in deter-
minina the route-mean wind factor. In the model as presently written, the simulated
aircraft is alwavys "at altitude." Since an arithmetic rather than a harmonic mean
is used in computina the route-mean wind factor, it is assumed that the around speed
is less than or eaual to one third of the airspeed.

?.6.3 Limitations. Presently, the WFSM cannot nroduce a "simulated" wind havina a
dav-to-day varianhility. Hence, within anv aiven season and for a narticular alti-
tude, a particular route will always experience the same wind factor, reaardless of
the passaae of time. Reauests for the simulated wind default tn the mean wind.

Furthermore, the present model is incapable of producina a "forecast" wind factor.
Renuests for a forecast wind default to the mean wind,

Temnerature, aircraft performance, fuel consumption and other elements (cnsidered hy
tvpical fliaht nlannina models are rnot included in the present simulation, which
deals only with wind.
Inerations north of 750N or south of A00S are not permitted,
The coarseness nof the nresent 150 latitude by 300 longitude arid nrecludes use of the
model for calculation of the operationallv realistic wind factors unless chanaes are
made Simple modifications to the existina data bhase and arid svstem, alona with
corresnondina chanaes in the software, can remove this limitation.
Snecifically, the following restrictions must he adhered to:

a. Mo route should he flown directiv over either nole.

h. MNeither pole should serve as a point "A" or "B."

¢. Circumferential or round-rohin fliahts in which "A" and "R" coincide will he
ahorted, Such fliahts should he broken into smailer seagments.

d. Routes or seaments of routes flown directlv north or directlv south alona a
lonaitude 1ine will also abhort.

2. At nresent, the madel Aallows fliahts onlv at altitudes of 25 000 feet and
IR N0ON feet.

f. M1 denarture and destinatiaon points must JTie within the latitude ranae from
7ROyt ANOS,

2actrirtions e and f were imnosed in order to reduce the core storaae reanuirements
nf the madel,

?.5.8 Procescinag Time. fieneratina a wind factor for a simulated aircraft flvinao a
Jora route TA, 775 mautical miles) reauires approximately 0.1-0,% ;econds of central
nrecessinag unit {(CPU) time on a Honeywell 6080 neneral nrurnose comnuter. The PN
time depends on the number of leqgs in the simulated flight. Accordinaly, this CPil

time, referrino as it does to a very lona route, represents almost a worst case tim.
ing epstimate.

?.8.5 Flexihilitv., A numher of the limitations of the WFSM® can he overcome by
selTective maodification of the model, the data hase, or hoth, Since he WFSM was
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built for economy in run time and storaae, such modifications will have the side ef-
fect of increasing run time and/or storaage. In particular, the resolution of the
WFSM arid can easilv he imnroved hv changina delta-latitudes and delta-lonaitudes in
the model, altering the arid numbering scheme, and addinqg to the data base. In ad-
dition, the number of vertical levels and time periods can he increased. MWith more
effort, WFSM capabilities can he expanded to include a "simulated" (i.e., variahle)
wind by writina Part V of subroutine ENRWND, which is presently set to default to the
mean wind.

2.5.6 FError Detection. \User inputs to the WFSM are scanned for leaal values. In
iterative calculations, iteration counters are used to flaa computations that are
diveraina or failing to converge. The Honeywell ANNN_Series FARTRAM Execution Error
Monitor (FXEM) is invoked to display to the user any errors so identified, The FXFfM
error ressane, includina error number and a plain text diagnonstic, are displaved an
SYSOUT. Error numbher 61 has been used for all WFSM errors. Whenever FXEM error Al
annears, the user knows that a problem associated with the WFSM has heen detected.
Each FXEM error has a disposition. Some permit the proaram to continue executina,
while others nroduce a nroaram ahort., Presently, FXEM error A1 causes proqram ahnrt,
Users can alter this disposition by means of initializina call to the FXEM module.
trrors and prchlems detected and treated by the WFSM are summarized in Tahle 2.

?7.6 Data Base and Grid Svstem

2.6.1 Data Rase. BRasic data for the WSFM are the UISAFETAC Sinale Intearated
fperational PTan (SI0P) winds. With a period of record extendino from January 1977
to December 1976, the SINP winds contain mean u-comnonent, v-component, and vector
standard deviation, tabulated on a S-dearee offset arid. This aqrid is much finer
than that used by the WFSM.

To prepare a data base for the WFSM's 180 jatitude by 3N0 loanaitude arid system,
simnle averaqina is used. The u-component, the v-component, and the vector standard
deviation are averaaed separately. The averaae is performed hy axtractina from the
SIOP winds three values latitudinally and six values longitudinally. The resulting
1R values are summed and the sum divided bv 18 to nhtain the mean data values far
each arid sector. In this way, mean u-component, v-component, and vector standard
deviation are ohtained for all 10R arid sectors. Such a data hase is constructed for
Januarv (winter), April (spring), July {summer), and nctober (fall) for altitudes
25,000 feet (taken from 400-mb winds) and 35,000 feet (taken from 280-mh winds).
fising an in-house USAFETAC proaram WIND, the

4 season x ? altitude = A sets
nf 1NR-sector wind data are converted from u, v, and vector standard deviation to
Adirection (heta annle, described in Annendix R, USAFETAC/TM-80/NN]1), speed, and
variance. After conversion, the winds are stored sequentially in a data file in the

order descrihed in Tahle 3. FEach sector of the data file renuires one record of disk
staraqe containing the three elements of information shown in Tahle 4.

There are
4 seasons x 2 alttitudes x 108 sectors = RAR4A records

of wind data in the data file. To be used hy the WFSM, the data base must he loaded
from the data file into the arrays,

NIR(R70) Wind Direction, Beta Angle, Padians
SPD(R7N) Wind Speed, Knots
VAR(R70) Wind Variance, Knots?

which are located in the COMMON hlock WEA and reauire ?.6K words of computer core
storaqe. The COMMON block must he loaded with wind data before the WFSM is first
executed., Most often, an initializina routine external to the WFSM is used for this
nurpose. That routine merely recads the 864 wind records in order and stores them,




T

Subhroutine

TARLE ?. ERROR DETECTION FEATURES NF WFSH,

Error Nescription/MESSAGE

FXEM Display

Disposition

ENRWND

ENRWMD

ENRVND

ENRWND

EMRWMD

EHRWND

GRTCIR

GRTCIP

GRTCIR

SPHGLN

SPHALN

Wind ontion less than 0
or areater than 3
ILLEGAL WIND OPTION

Latitude ar lonaoitude out-
side leqal range
TLLEGAL LAT/LON

Julian date areater than
3AA or less than 1
ILLEGAL JULIAM DATE

Altitude index less than
1 or areater than 2
ILLEGAL ALTITUDE

Subroutine GRTCIR twice
consecutively failed to
converae when solvina for
lonaitude of Candidate
Point #2

GRTCIR FAILED TWICE

Number of leas of the simu-
lated flight exceeds a
variahle maximum number
currently set to 50 '
RUNAWAY PNUTE

Subhroutine function vector
Tess than 1 or greater
than 5§

ILLEGAL ICONYVY

Pirect north-south fliqht
is attemnted
SOLUTIONM MOT UMIQUE IM THETA

Newton's iterative methad
fails to converae, as indi-
cated hy an iteration count
exceeding a variable maximum
currently set at 7. Because

of the wav in which GRTCIR is

used by ENRWND, failure to
converage is sometimes normal
benhavior. In these cases no
errar messaqe is displaved
and the nroaram continues.
When, the GRTCIR functian
flaa, ICONV, is set to 2, an
error messaqe

SOLUTION DIND NOT COMVERGE

is displayed, and the pro-
qram ahortsg,

Erroneous function flagqg
ICOMY.  Error code ICONV=10
returned

Nut-of-hounds latitude.
Error code 1CONV=11
returned

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

Yes

No

Mo

Ahort

Ahaort

Ahort

Abhort

Abort

Ahort

Ahort

Ahort

Continue

Ahort

Continue

foantinue
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SPHGLO Out-of-bounds Tonaitude.
Error code ICONV=12
returned No Continue

SPHGLO Nut-of-bounds 8
Error code ICONV=13
returned No Coantinue

SPHGLO Out-of-bounds @

Error code ICONV=14
returned Mo Continue

Table 3. STRUCTURE OF WIND DATA FILE,

Season Flight Level Record Numbers
Winter 260 1 - 1na

350 10a - 21A
Sprina 250 217 - 324

350 3?25 - 432
Summer 250 433 - Ran

380 R4] - AA&R
Fall 250 649 - 756

350 757 - RAA

Table 4. WIND DATA FILE RECORD ELEMENTS.

FORTRAMNM
Element Units Columns Format
\{ind Direction radians 1-15 F16.5
(Reta Anale)
Wind Speed knots 16-30 F15.5%
Variance knots? 31-45 F15.5

without rearranagement, in the COMMON block WEA. Thereafter, the wind data hase can
be accessed in terms of a record number MRMD as follows:

DIR(NRND) SPDI(NRND) VAR(MRND)
The record number MRND is computed as follows:

MRMD = (Season Index - 1) x (Total Numbher Altitudes) x
(Tota) Numbher Grid Sectors)
+ (Altitude Index - 1} x {Total Mumber Grid Sectors)
+ (Sector Number)

2.6.2 Grid Svstem, The WFSM is required to he economical in terms of comnuter core
storade and run time; yet the model must provide a qlobal wind factor capability to
the user. These conflictina reauirements dictated the use of a coarse arid, The
oriainal idea, motivated by the latitude/lonaitude orijentation of the winds used as
input data, was to have a aqrid system in aqlobal (latitude/lonaitude) coordinates.
The qrid would have a spacinag of 150 latitude hy 300 lonaitude and would cover the
alohe, reauirina 144 arid sectors (12 sectors from pole to pole times 12 sectors
around the equator). Closer investigation of the latitudes of the COLNSSUS terminals
and routes indicated that arid sectors ahove 750N and helow fNOS were unnecessarv.
Since three auantities (wind direction, speed, and variance) are stored for each qrid
sector for four seasons and two flight levels, approximately O0.R7K words of core
storaqe could be saved by reducina the number of arid sectors from 144 to 10R.
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The arid system chosen for implementation is in alohal (latitude/lonaitude) coordi-
nates with a resolution of 150 latitude by 309 lonaitude. The garid system extends
from 780N ta 6N0S latitude (9 rows) and qlohally in lonaitude (12 columns). Hence,
there are 108 grid sectors. Numbering of the grid sectors is shown in Fiqure 4. It
is important to note that column 1 is keved on 300W, not 00,

Column # —

1 2 3 4 5 5 7 8 9 10 11 12

Pwbr a3 elsle[7]slofn]uln 752"
Ly [sluls(slvelslalalala]la]
s slw]alulolnlsifnlsiuls[s]
4 [ 3738 [ 39 [4o [u1 [ w2 | u3|us|us|us|ur|us
s s ]sosifse[sssufesfesfsr ssfsoen] §
6 [61 |62 [63[64 65|66 67 [68[69]70]71]7
A8 R BN 2 W N2 W R R N 2 I T e
8 |85 |85 |87 [88 ]8990 919293 ouf35][s
5 [ 97|98 | 99 [100 101[102 103 | 104|105 106|107 08|

00 90°E 180° 900
FIGURE 4. Grid System for WFSM,

A oarid svstem such as this, involvina undefined reaions near the noles, prevents
fliahts over the noles {(which would be complicated by the sinqularitv in coordinate
systems at the pnles). The coarseness of the nresent aqrid system nrecludes use of
this model for calculation of operational wind factors. A coarse arid is suitable
for simulation, however. The arid could be made finer if improved meteornloaical res-
olution is desired,.

?.7 General Descriptions of Inputs, Processina, Nutputs.

?.7.1 Input. A user emploving the WFSM to calculate a route-mean wind factor and
around sneed must stipulate the qlobal (latitude/lonaitude) coordinates of noint "A"
(takeoff) and point "B" (landing), the Julian base date of the wind factor request
{used to determine season of the year), aircraft altitude (25,000 ft or 35,000 ft),
wind option (calm, mean, or 90-percent worst), and airspeed.

To accommodate future arowth, the user must also stipulate Greenwich mean base time
of the wind factor reauest and forecast hours ahead of the wind factor requested.
Recause the WFSM does not as vet have a capahility to generate forecast wind factors,
these two inputs are ianored and may have any value.

?,7.2 Processina. The keystone suhproaram of the WFSM is ENRUND, which accomplishes
most of the aircraft navication except solution of the equation of a areat circle.
1+ also accomplishes all of the meteornlogqy invnlved in calculation of the wind
factor (see Chapter 3, USAFETAC/TN-R80/001).

The ENRWND suhproaram naviaates a simulated aircraft over a areat circle route from
noint "A" to point "B" in a alobal (latitude/lonaitude-oriented) arid system whose
resolution js 18® Jatitude by 30°® lonaitude. The subroutine determines which arid
sector the aircraft is in and the lenath of the aircraft's path throuah the sector.
Then the routine consults the wind data base for the narticular arid sector, fliaght
1evel, and season to obhtain sector-mean wind direction, speed, and variance.
Cross-track and alona-track components of the wind are comnuted. These are weiaghted
hv the lenath of the ajrcraft's track through the sector and are accumulated. At the
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end of the simulated flight, the accumulators are divided hv the total areat circle
distance for the flight, producing a distance-weiaghted, route-mean cross-track wind
comnonent, an along-track component and a varfance. From these a route-mean wind
factor is computed using Sawyer's eauivalent headwind technique (see Chapter 3,
USAFETAC/TN-80/001). If the 90-percent worst wind option has been selected, that
wind factor is statistically adjusted to the 10-percent risk value. The wind factor
is then added to the airspeed to ohtain the route-mean airspeed. If the calm wind
option is requested, all these computations are bypassed, and a zero wind factor is
used. Presently, reaquests for the simulated wind option will default to the mean
wind. In the mean wind case, the wind factor is developed directly from a mean wind
data base. In the 90-percent worst case, this mean wind factor is statistically ad-
justed to a value such that 10 percent of the flights over that route will experience
a worse wind factor (10-percent risk).

2.7.2 OQutputs. The outnhut from the WFSM (subroutine ENRWMD) is the variable GSPEEN,
a real aquantity reoresenting the aircraft's ground speed in knots.

11
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SECTINM 3.0 STAFF FUNCTIONS RELATED T0O TECHMICAL NPEPATIANS

3.1 Initiation Procedures. The Wind Factor Simulation Model (WFSM) onerates within
3 Yarger model, such as MAC's COLOSSUS. The larger model fnvokes the WFSM bv issuing
calls to its subroutines, principally subroutine EMNRWND. Refore the first call to
WFSM, the WFSM must have heen initialized by reading wind data from the data hase
into the COMMON hlock WEA. Users must provide this special initializing routine, as
the WFSM code assumes wind data have already heen read into core. A suitahle routine
is shown below:

COMMON /WEA/ DIR(R70), SPD(R70), VAR(R70)

DN §ii NREC = ',R64
READ (fc,iii) DIR(NREC), SPD(NREC), VAR(NREC)
jii FORMAT (3F15.%)

iiji CONTINUE

In this example, iii and jij are integer FORTRAN statement numbers. The file code
for the wind data base is fc.

Job control lanaquaae (JCL) or its eauivalent is needed to eauate the loagical file fc
with a catalogued file name on the particular computer system used. Assumina that
the wind data hase is on a sequential disk file called PWIMND.SQ within the suhcata-
Toque MACRO in cataloque MACRO, then the Honeywell 6000-Series JCL is

$ PRMFL fc,R,S,MACPO/MACRO/PWIND. SO
where fc is the file code selected above, The $§ PRMFL JCL must appear behind the §
EXECUTE record in a Honevwell job. Structure and format of the data hase contained
in the file PWIND.SO is outlined in Table 3.

3.2 Staff Innut Requirements. The WFSM communicates with the wuser's simulation
model only throuqh the argument 1ist of the user's call to subroutine ENRWHD.*

Whenever a wind factor is desired in the user's model, the user should nlace a call
to ENRWND, supplyina the values for input arquments. Subroutine ENRWND then takes
control, calculates a route-mean wind factor and uses it to prepare the output arau-
ment, namely the qround speed of the aircraft. The user's call to subroutine FENRWND
should he of the form,

CALL EMRWMD (FRMLAT, FRMLMG, TOLAT, TOLMG, JULDAT,
GMT, FCHRS, IALT, INPTN, ASPEED, GSPEED)

Inputs tn the WFSM are in the form of input arauments to subroutine ENRWMD, These
input arauments include the alobal (latitude/longitude) coordinates of point "A"
(takeoff) and point "R" (landina). The user specifies which one of the four seasons
he needs hy stipulatinag a Julian base date (JULDAT) from 1l to 3AA. The user requests
calm, mean, or 90-percent worst winds by specifying a wind option (I0PTM) from 0 to
3. The user then specifies the altitude of the aircraft by setting the flan IALT to
1 for 25,000 feet or 2 for 35,000 feet, and airsneed in knots in the input variahle
ASPEED.

*The excention is that user's may call subroutine DISTAN directiv if thev need 2
qreat circle distance, or function HDG if they want an initial areat circle headina.
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To " accomodate future qrowth, the user must also stipulate GMT, the Greenwich mean
hase time (0.0 - 24.0) of the wind factor request, and FCHRS, a forecast hours ahead
of the wind factor reauired. Presentlv, these inputs are ianored and mav have any
value.

A descrintion of these input arauments is contained in Table §.

TABLE 5. INPUT ARGUMENTS TO SUBROUTINE ENRWND.

Variable Data
Name Tyne Definition Units/Values
FRMLAT Real Latitude of point "A" NDecimal dearees
(Takeoff) (75.00 to ~60.00)
FRMLMG Real Lonaitude of point "A" Decimal dearees
(Takeoff) (180.00 to -180.09)
TOLAT Real Latitude of point "B" Decimal dearees
(Landing) (75.00 to -60.0°)
TOLMG Real Longitude of point “"R" Decimal dearees
(Landina) (180.09 to -180.09)
JULDAT Inteaer Julian base date of 1 - 366
wind factor request
GMT Real Greenwich base time of N,0 - 24,0 hrs
wind factor request
FCHRS Real Forecast hours ahead > 0.0 hrs
IALT Integer Altitude index 1 = 25,000 ft
? = 35,000 ft
I0PTN Inteaer Wind ontion or mode 0 = Calm wind
1 = Simulated wind
(Defaults to 3)
2 = 90-percent worst
wind
3 = Mean wind
ASPEED Real Airspeed Knots

3.2.1 1Input Formats and Composition Rules. Input arauments for subroutine ENRWND
are presented in Table 5. Special format rules are as follows:

a. Latitudes and longitudes must he in decimal dearees, not the dearees-minutes-
seconds system, e.q., 36.50 rather than 369 30'.

b. South latitudes and east lonagitudes must be neaative.

3.3 Output Requirements. Output argqument for subroutine ENRWND 1is the variable
GSPEED, a real quantity representing the aircraft's around speed in knots. In addi-
tion, users may call subroutine DISTAN directly for a areat circle distance, or func-
tion HDG for an inftial great circle heading.

3.4 Utilization of System Outputs. The callina proaqram, e.g., a simulation such as
S , uses e o obtain the ground speed of an afrcraft flvinqg from
point "A" to point “B". In order to provide the qround speed, the WFSM must calcu-
late a wind factor. Most of the work in this module occurs in findina that wind
factor. Once this is known, it is a simple matter to calculate the around speed
{see section 7.1 above and USAFETAC/TN-RN/001). The around speed information is im-
portant to the user's simulation because from it the adjusted flyina time can bhe
calculated. The user's simulation then has a timina factor to use for mission plan-
ning, war aaming, judaqing contingency recponse capabflities, and other applications.
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3.5 Recovery and Error Correction Procedures. To assist in dehuqqing efforts,

considerable use of the Honeywell Series 6000 FORTRAN Execution Error Monitor (FXEM)
has been made. Whenever FXEM error 61 appears, there is a prohlem in the wind factor
routines. A plain text diaanostic, indicatina the nature of the problem, will appear
on SYSOUT. Presently, FYXEM error 61 is set to abort execution of the main proaram.
By a call to one of the FXEM initializing routines, the user may set the disposition
of FXEM error fl1 to "continue" rather than "ahort." No explicit restart features
have been incorporated into the WFSM. Such procedures would not he feasible in an
iterative, space-stepped solution.




Appendix A

| WFSM FLOW CHART

0

OPTN?
Part I
L 2 or 3
J . .
! Calm Wind Mean Wind Simulated
Wind
Part II Part III Part V

IOPIN?

s

90% Worst
Wind
Part IV

—

Wrapup &
Normal
Termination Abrormal
rma
Part V1 Termination
Part VII

. 2
) STOP '
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Initialize Accumulators
&
Other Initialization Functions

SACC, VAOC, VGACC, VCACC

DISTAN

Calculate total GCD between
Points 'A' and 'B'
STOT

!

GRTCIR

Initialize subroutine GRICIR
twice

K|

Set current-point to point 'A'
XLATX 1 _ [FRMLAT
XLNGCJ RMLNG

'

Initialize leg cownter
LEGNO

HDG

Calculate aircraft heading
at current-point

HDGC
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Calculate point of next
longitude crossing

XLNGNX
GRICIR
Calculate latitude associated
with XINGQX XIATAS
Calculate point of next
latitude crossing
XLATNX

'

GRTCIR

Calculate longitude associated

with XLATNX XLNGAS

DISTAN

Sl: GCD from Current-Point
to Candidate #1

S2: GCD from Current-Point
to Candidate #2

Closer
to Current-

52 -

sl

Candidate #1 Closer

Next-Point = Candidate

#1
XLATNP| _ [ XLATNX

XLNGNP \XLNGAS

Point: Candidate #
or #2

?

Candidate #2 Closer

Next~Point = Candidate

#2

XLATNPY _ [XLATAS
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Next-Point = Point 'B'

XLATNP, _ [TOLAT
“
XINGWP; © LTOLNG

Y

Calculate midpoint between

current-point and next-point

XLATM, XLNGM

'

Calculate grid sector
number of midpoint
(XLATM, XLNGM)

NSEC

v

Calculate datum number
based NSEC, aircraft
altitude and season

NRND

'

HDG

Calculate aircraft heading
at midpoint (XLATM, XLNGM)

HDGM
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Convert heading at midpoint
(XLATM, XLNGM) to angle o

ALPHA

Get direction DIRM, speed
SPDM, and variance VARM
of wind at datum number
NRND

Compute along-ground-track
wind component at midpoint

VGM = SPD+cos (|DIRM-ALPHA|)

'

Compute cross-ground-track
wind component at midpoint

VCM = SPDM-sin (DIRM-ALPHA)

'

Compute time-averaged wind
factor for present leg of
route /VCMZ + VéfM\

WGAR = VGM - —5—2=FrEp -

'

Accumulate distance-weighted
components to accumulators

SACC: distance
VACC: variance
VGACC: along-track compcnent
VCACC: cross-track component

'

Advance to next-point.
Current-point + next-point.
Increment leg number.
XLATC)] _ [XLATNP

XLNGC. XLNGNP
LEGNO = LEGNO + 1

e
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Divide accumulators by
total distance SACC

VARBR = VACC / SACC
VGBR = VGACC / SACC
VCBR = VCACC / SACC

Compute distance-weighted
route-mean wind factor
VCBRZ+

VARBR
2\
" T2 ASPEED /

WGARBR = VGBR -

STOP
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Appendix B

WFSM PROGRAM LISTING

CENRWND ENROUTE WIND/Re Ce WHITON/27 FEB 1979

C

SUBROUTINF ENRWND (FRMLATs FRMLNG, TOLAT, TOLNG, JULDAT. GMT,
& FCHRS., IALY, IOPTN, ASPEED, GSPEED)
C
CRERRBERRRRRERRER R R R R AR KRR R R R kKR AR R R R R KA R RSB R EE R SRR g k%
Cx*
C* PROGRAM 1D~ ENRWND
C* MET ANALYST- MAJ ROGER Ce WHITON, USAFETAC/DNS, EXT 5412
C* SYS ANALYST=- MAJ ROGER Ce WHITON, USAFETAC/DNS, EXT 5412
() PROGRAMMER=- MAJ ROGER Ce WHITON, USAFETAC/DNS, EXT 5412
C*
C* CREATED ON- 27 FEB 1979 PROJECT - 192301
Cx
C» DESCRIPTION~ THIS SUBROUTINE SUBPROGRAM CALCULATES CLIMATOLOGI-
Cx CAL WIND FACTORS BY SAWYER'S EQUIVALENT HEADWIND
C*x TECHNIQUE FOR PEASONABLY ARBTITRARY GREAT CIRCLE
Cx ROUTES AT SPECIFIED CONSTANT ALTITUDES FOR ANY OF
Cx FOUR SEASONS OF THE YEAR IN ANY OF FOUR MODES OR
C* WIND OPTIONS (CALM WIND, SIMULATED WIND, MEAN
Cx WIND, AND 90% WORST WIND)s CLIMB AND DESCENT
Cx* WINDS ARE NOT PRNVIDED FORe. TEMPFERATURES AND
Cx AIRCRAFY PERFORMANCE/FUEL CONSUMPTION ARE NOT PRO-
Cx VIDED FORe
Cx
Cx THE SUBPROGRAM NAVIGATES A SIMULATED AIRPCRAFT OVER
C* A SREAT CIRCLE RUUTE FROM POINT 'A* (FRMLAT, FRMLNG)
C* TO POINT '8B' (YOLAT, TOLNG) IN A GLOBAL (LATITUDE/
Cx LUNGITUDE ORIENTED) GRID SYSTEM WHOSE RESOLUTION IS
Cx 15 DEGREES LATITUDE 0Y 30 DEGREES LONGITUDE. THE
C* SUBROUTINE DETERMINES WHAT GRID SECTOR THE AIRCRAFT
Cx IS IN AND THE LENGTH OF THE AIRCRAFT*'S PATH THROUGH
Cx THE SECTORe THE'N THE ROUTINE CONSULTS THE WIND DATA
C* BASE FOR THE PARTICULAR GRID SECTOR, FLIGHT LEVEL
C* AND SEASON TO OBTAIN SECTOR-MEAN WIND DIRECTION,
C* SPEED AND VARJANCE. CROSS-TRACK AND ALONG=-TRACK
Cx COMPONENTS OF THt wIND ARE COMPUTED. THESE ARE
Cx WEIGHTED BY THE LENGTH DOF THE AIRCRAFT'S TRACK
Cx THROUGH THE SECTORe AT THE &ND OF THE SIMULATED
C* FLIGHT, A DISTANCE-WEIGHTED, ROUTE-MEAN CROSS=-TRACK
Cx COMPONENT, ALONG-TRACK COMPONENT AND VARIANCE IS
Cx COMPUTED . FROM THESE, A ROUTE-MEAN WIND FACTOR IS
Cx COMPUTED AND ADDED TO THE AIR SPEFD TO OBTAIN
Cx GROUND SPEED. LATITUDE/LONGITUDE OF POINTS *A*
Cx AND *B,*' THE ALTITUDE OF THE AIRCRAFT, THE JULIAN
Cx DATE AND GMT OF THE FLIGHT, AND THE AIRCRAFT'S
Cx* AIR SPEED ARE GIVEN. THE GRNOUND SPEED IS CALCU-
Cx LATED BASED ON WIND FACTOR. WIND FACTOR CALCULA-
Cx TIONS CAN BE MADE IN ANY OF FOUR MODES=--CALM WIND,
C* SIMULATED WINDes GOX WORST WINDs AND MEAN W#IND.
Cx IN THE CALM WIND CASE, THE ROUTE-MEAN WIND FACTOR
C* IS SIMPLY SET TO ZERO, WITH NC NAVIGATION OF THE
Cx AIRCRAFT OR ACCUMULATION OF DISTANCE=-WEIGHTED
Cs WIND COMPONENTS HEING NECESSARY. THE SIMULATED
Cx WIND CASE IS RESERVED FOR FUTURE DEVELOPMFNT. IN
Cx WHICH A VARIABLE & IND MAY BE IMPLEMENTED SUCH
C* THAT THE WIND FACTOR NEED NOT Bg IDENTICALLY THg
C* SAME EVERY TIME THE ROUTE IS FLOWN, PRESENTLY,
C» THE SIMUILATED WIND DEFAULTS TO THE MEAN WIND.
C* IN THE MEAN WIND CASE, THE MEAN WIND 1S DFVELOPED
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DIRECTLY FROM THE MEAN WIND DATA BASE. IN THE 90% |
WORST CASEes THIS MEAN WIND FACTOR IS STATISTICALLY ;
ADJUSTED TO A VALUE SUCH THAT ONLY 10X OF FLIGHTS '
OVER THAT ROUTE WILL EXPERIENCE A WORSE WIND FACTOR ‘
(10X RISK).

THE USER DICTATES WHETHER HE WANTS CALM, SIMULATED,
MEAN OR 90X WORST WINDS 8Y SPECIFYING A WIND OPTION
(IOPTN) FROM O Ta 3 (SEE TABLE IN PART I 0OF SUBPRO-
GRAM)e THE USER SPECIFIES WHICH OF THE FOUR SEA-
SONS OF THE YEAR HE WANTS WINDS FOR BY STIPULATING

A JULIAN DATE (JULDAT) FROM 1 TO 366. THE TABLE FOR
CONVERSION OF JULIAN DATE TO SEASON OF THF YEAR IS
PROVIDED IN PART III OF THE SUBPROGRAM. THE USER
SPECIFIES THE ALTITUDE OF THF AIRCRAFT BY SETTING
THE FLAG IALT TO 1 FDR 25,000 FT AND TO 2 FOR

35,000 FTe THE USER SPECIFIES HIS AIRSPEED IN

KNOTS IN THE INPUT VARIABLE ASPEED AND RECEIVES .
CALCULATED GROUND SPEED IN KNOTS IN THE OUTPUT
VARIABLE GSPEED.

ARCHITECTURE OF THE SUBPROGRAM IS SUCH THAT PART 11
HANDLES THE CALM WIND CASE, PART III THE MEAN WIND,
PART IV THE 90% wORST WIND. AND PART V THE SIMULATED
wIND,. PART I ACCOMPLISHES BRANCHING TQ PARTS Il-v.
PART VI HANDLES WRAPUP AND NORMAL TERMINATIONes PART
VII HANDLES ABNORMAL TERMINATION.

THE METHODS USED BREAK NEATLY INTO TWO CATEGORIES,
(1) GEODESY AND NAVIGATION, AND (2) METEOROLOGY.

(1) GEODESY AND NAVIGATIONeso

THE AIRCRAFT IS “AVIGATED ALONG A GREAT CIRCLE ROUTE
GETWEEN POINTS *A* AND 'E* S9Y MOVING FROM A PODINT
CALLED THE 'CURRENT-PJINT* (XLATC, XLNGC) TO A POINTY
CALLED THE *NEXT~POINT® (XLATNP, XLNGNP). MOST OF
THE COMPUTATION UF THE NEXT-POINT IS DONE IN GLOBAL
(LATITUDE/LONGITUDE) COORDINATES.

FOR ANY GIVEN CURRENT=POINT, THE NEXT=-POINT 1S
EITHER THE POINT W#HERE THE GREAT CIRCLE ROUTE CROS-
SES A LATITUDE GikID LINE (0s 15+ 30+ eees DEG) OR
THE POINT wHERE THE ROUTE CROSSES A LONGITUDE GRID
LINE (Os 30, 60+ eee DEG)y, WHICHEVER IS CLOSER TO
THE CURRENT=~POINT.

AT THE CURRENT-POINT, THE AIRCRAFT®*S HEADING CAN BE
CALCULATED VIA THE HEADING FORMULA (FUNCTION HDG).
KNOWLEDGE OF THE LOCATION OF THE CURRENT=POINT AND
THE AIRCRAFT'S H:IADING AT THAT PQINTY DICTATES THE
NEXT LATITUDE CRASSING AND THE NEXT LONGITUDE CROS=-
SINGe CANDIDATE #1 FOR NEXT-POINT IS THE POINT OF
NEXT LATITUDE CRUSSING XLATNX (AND ASSOCIATED LON-
GITUDE XLNGAS)e CANDIDATE &2 IS THE POINT OF NEXT
LONGITUDE CROSSING XLNGNX (AND ASSOCIATED LATITUDE
XLATAS),

CALCULATION OF LONGITUDE XLNGAS ASSOCIATED WITH A
GIVEN LATITUDE XLATNX IS DONE ITERATIVELY BY SUB-
ROUTINE GRTCIR, ~HICH SOLVES THE EQUATION OF A
GREAT CIRCLEs NEWTON'S ITERATIVE METHOD wITH AN
EXACT SPHERICAL TRIANGLE FIRST GUESS IS USED.
VIRTUALLY ALL DF THE COMPLEXITY OF SUBRCOCUTINES
GRTCIR AND ENRWN" IS ATTRIBUTABLE IN ONF wWAY QR
ANOTHER TO THIS PROBLEM OF SOLVING THE EQUATION OF
A GREAT CIRCLE FNR LONGITUDFs GIVEN THE LATITUDE.
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CALCULATION OF LATITUDE XLATAS ASSOCIATED WITH A
GIVEN LONGITUDE XLNGNX IS DONE DETERMINISTICALLY

8Y SUBROUTINE GRTCIRe NGO DIFFICULTY IS ENCOUNTERED
HERE

CANDIDATES FOR NUXT=POINT ARE THEN AS FOLLOWSeeo

CANDIDATE &1 csecse (XLATNX, XLNGAS)
CANDIDATE #2 occccee (XLATAS, XLNGNX)

WITH CANDIDATES 1 AND 2 IDENTIFIED, SUBROUTINE
DISTAN IS THEN USED TO CALCULATE GREAT CIRCLE DIS-
TANCES AS FOLLOWSses

S1 seeeees GCD FROM CURRENT-POINT TO CAND &1
s2 sesese GCD FROM CURRENT=-POINT TQ CAND ®2

THE CANDIDATE WITH THE SHORTFR S-DISTANCE 1S SE-
LECTED AS THE NEXT=POINT.

THE CURRENT=-POINT CAN THEN BE THOUGHT OF AS THE
POINT WHERE THE AIRCRAFY ENTERS THE GRID SECTOR.
AND THE NEXT-POINT AS THE POINT WHERE TMNE AIRCRAFT
DEPARTS THE SECTCR. THE DISTANCE SNP BETWEEN
CURRENT=POINT AND NEXT=-POINT IS THE DISTANCE BY
WHICH THE WIND CNMPONENTS AND VARIANCE ARF WEIGHTED
IN COMPUTING THE ROUTE-MEAN WIND FACTOR,

2e METEOROLOGYese

WITH CURRENT-POINT AND NEXT-POINT ESTABLISHED., AN
APPROXIMATE MIDPOINT (XLATVM, XLNGM) BETWEEN THEM
IS ESTABLISHED. THE NUMBER NSEC INDICATING WHICH
OF THE 106 GRID SECTORS THROUGH THE AIRCRAFT IS
PASSING THROUGH IS THEN CALCULATED, BASED ON
(XLATM, XLNGM). SEF DESCRIPTION OF THE GRID SYS=-
TEM BELOW. SINCF FOUR SEASCNS AND TWO FLIGHT
LEVELS, AS WELL AS 108 GRID SECTORS, ARE PROVIDED
FORs A DATUM-NUMJIER NRND IS ORTAINED FROM THE GRID
SECTOR NUMBER NS C (1=106)s THE ALTITUDE INDEX IALT
(1=2) AND THE SEASON INDEX ISEASN (1-4) AS
FOLLOWS e

NRND = (ISEASN=1) * (TOTAL-NUMBER ALTITUDES) =%
(TOTAL~NUMBER=GRIN~SFCTORS)
+ (lJALT=-1) *« (TOTAL~NUMBER~GRIO=-SECTORS)
+ NSEC

WITH THE DATUM=-NUMBER NRND CALCULATED, THF DATA BASE
(SEE DESCRIPTION BELOW) IS CONSULTED TO OBTAIN SEC-
TOR=-MEAN WIND DIRECTION DIRM (RADIANS, IN BETA-ANGLE
FNORM, AS DESCRIBCD RELOW), SPEED SPDM (KNOTS) AND
VARIANCE VARM (KNOTS*%2)se0

DIRM = DIR(NRND)
SPDM = SPD(NRND)
VARM = VAR(NRND)

THE AIRCRAFT HEACING AT (XLATM, XLNGM) IS COMPUTED

8y MEANS OF FUNCTION HDG. THE HEADING HDGM IS (oM~
PUTED IN BETA-ANGLE FORMAT (SFE BRFLOW) AND IN THAT

FORMAT IS REPRESTNYED BY THE ANGLE ALPMA.

ALPHA, THE WIND DIRECTION OIRM, AND THE WIND SPEED
SPDM ARE USED YO CALCULATE THE ALONG=GROUND-TRACK
wWIND COMPONENT VGM AND THE CRDOS5S=-GROUND-TRACK WIND
COMPONENT VCM, e
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VGM = SPDOM * COS(ABS(DIRM - ALPHA))
vCM = SPDM » SIN( DIRM = ALPHA )

A TIME=AVERAGED «IND FACTOR FOR THE PRESENT LEG IS
THEN COMPUTED USING SAWYER'S EQUIVALENT HEADWIND
FORMULAGe o

WBAR = VGM = ((VCM#*¥2 ¢+ VARM/2.,0) /
(2.0 * ASPEED))

BUT NO FURTHER USE 1S MADE OF WwWBAR.

THE GUANTITIES VGM, VCM AND VARM ARE MULTIPLIED BY
THE SECTOR~- OR LEG-LENGTH SNP, AND THE PRNDUCT IS
ACCUMULATED IN VGACC, VCACC, AND VACC.

THEN THE NEXT=-POINT BECOMES THE CURRENT=POINT, A NEW
NEXT<POINT IS CAL.CULATED., AND THE PROCESS IS RE~-
PEATED FOR THE NEXT LEG OF THE SIMULATED FLIGHT.

AFTER THE LAST LEG OF THE FLIGHY HAS BEEN PROCESSED,
THE ACCUMULATORS VGACC, VCACC AND VACC ARE DIVIDED
BY THE TOYAL ROUTE LENGTH. THE RESULTING DISTANCE~-
WEIGHTED ALONG-TRACK, CROSS-TRACK AND VARIANCE QUAN-
TITIES ARE THEN JSED IN THE SAWYER EQUIVALENT HEAD-
WIND FORMULA GIVEN ABOVE TO OBTAIN THE DISTANCE-
WEIGHTED ROUTE=-MSAN WIND FACTOR WRARBR,

IF THE 90% WORST WIND FACTOR HAS BEEN SELECTED»
WEBARBR IS STATISTICALLY ADJUSTED TO THE 90X WORST
VALUE BY SAWYER'S TECHNIOQUE., IMP_LFMENTED IN PART IV
OF SUBROUTINE ENIWND.

AS PART QF THE WrAPUP ACTIONS IN PART VI 0OF SUBROU-
TINE ENRWNDe THE ROUTE=-MEAN YIND FACTDR WRBARBR IS
ADDED TO THE AIR SPEED ASPFED TO GET A GROUND SPEED
GSPEED FOR RETURN TO THE PROGRAM CALLING SUBROVUTINE
ENRWND»

THE METEOQROLOGICAL TECHNIGQUE USED IS REFERRED TO AS
SAWYER'S EQUIVALENT HEAOWIND TECHNIQUE ANo IS DOCU-
MENTED IN AWS-TR=-77=267, GUICE FOR APPLIED CLIMA-
TOLOGY.

BETA~ANGLE FORMAT.ee

THE WIND ODIRECTIIN DD CAN BE EXPRESSED IN THE
FORM OF A BETA-ANGLE Bese

I
I
I
1 *
1
I
I

THE SETA ANGLE OESCRIBES THE DIRECTION TOWARD
WHICH THE WIND IS BLOWING IN TERMS OF RADIANS
COUNTERCLOCKWISE FROM EASTWARDe. CONVERSIONS
ARE AS FOLLOWSa..s.
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GR1D
SYSTEM=-

DATA
BASE-

LIMITATIONS-

DIRECTION BETA-ANGLE BETA-ANGLE

TOWARD WHICH (DEGREES) (RADIANS) 3
300.0 =300 =0e524
270.0 0.0 04000
240.0 30.0 0e524
180.0 90.0 1,571

THE GRID SYSTEM IS IN GLOBAL (LATITUDE/LONGITUDE)
COORDINATES, wIT! A RESOLUTION OF (15 DEG LAT X
30 DEG LON)e THE GRID SYSTEM EXTENDS FROM 75 DEG
N YO 60 DEG S (9 ROWS) AND GLOBALLY IN LONGITUDE
(12 COLUMNS)e HENCE, THERF ARE 108 GRID SECTORS.
COLUMN 1 EXTENDS FROM 30 DEG W TO 0 DEG (GREEN-
WICH), COLUMN 2 FROM 0 DEG TO 30 DEG E, ETC. ROW
1 EXTENDS FROM 75 DEG N TO 60 DEG N+ ROW 2 FROM
60 DEG N TO 45 DG No ETCe SUCH A GRID SYSTEM [S
T00 COARSE FOR CALCULATION OF OPERATICONAL WIND
FACTORS BUT IS SUITABLE FOR PURPOSES SUCH AS
SIMULATION.

THE SIOP WINDS WERE USED TO CREATE THE DATA BASE
EMPLOYED BY SUBROUTINE ENRWNDe SIOP wINDS MHAVE

A (5 DEG X 5 DEG) RESOLUTION. ALL SIQP WINDS
WITHIN EACH OF THE PRESENT (15 DEG X 30 DEG) GRID
SYSTEM WERE EQUALLY WEIGHMTED AND AVERAGED TQ
OBTAIN A SINGLE wIND FOR EACH OF THE 108 GRID K
SECTORS, TwD FLIGHT LEVELS (25,000 FT AND i
35,000 FT) AND FOUR SEASONS. THERE ARE THUS A :
TOTAL OF B64 wINS IN THE DATA BASE. EACH HAS A
WIND DIRECTION DIR(NRND) (RADIANS., BETA-ANGLE
FORMAT), SPEED SPD(NRND) (KNOTS)» AND VARIANCE
VAR(NRND) (KNOTS**%2), THESE WINDS ARE STORED
SEQUENTIALLY IN THE FOLLOWING ORDEReee

P T S I

WINTER SEASON
FL 250
108 SECTYORS
FL 350
108 SECTQORS
SPRING SEASON
FL 250
108 SECTORS
FL 350
106 SECTORS
ses 00

ETCe

osese

THE WINDS ARE It THE ARRAYS DIR(B70)s SPD(B70)
AND VAR(B70). THESE ARRAYS ARE MEMBERS OF THE
LABELLED COMMON BLOCK WEAsse

COMMON /WEA/ DIR(B70)s SPDP(B70)s VAR(BT0)

AN INITIALIZING ROUTINE IS NEEDED TO READ THE
WIND DATA FROM AN B64~-RECORD FILE ON DISK OR
TAPE TO THE WIND ARRAYSe THIS INITIALIZATION
MUST BE EXECUTED BEFORE FIRST CALL TO SUBROUTINE
ENRYND.,

PRESENTLY, THE WIND FACTOR SIMULATION MODEL CAN=-
NOT PRODUCE A *SIMULATED®* WIND HAVING A DAY=-TO-
DAY VARIABILITYs HENCE, WITHIN ANY GIVEN SEASON
AND FOR ANY GIVEN ALTITUDE., A PARTICULAR ROUTE
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REFERENCES~

WILL ALWAYS EXPEHIENCE THE SAME WIND FACTOR: RE~-
GARDLESS OF THE PASSAGE OF TIME. REQUESTS FOR
THE SIMULATED WIND WILL DEFAULT TN THE MEAN
WIND,.

FURTHERMORE, THE PRESENY MODEL IS INCAPABLE OF
PRODUCING A 'FORECAST* WIND FACTORe. REQUESTS
FOR A FORECAST WIND WILL DEFAULT TO THE MEAN
WIND.

TEMPERATUREs AIRCRAFT PERFORMANCE, FUEL CONSUMP-
TION., AND OTHER FACTORS CONSIDEREN BY TYPICAL
FLIGHT PLANNING “ODELS ARE NOT INCLUDED IN THE
PRESENT MODEL, WHICH DEALS ONLY WITH wIND.

OPERATIONS NORTH OF 75 DEG N OR SOUTH OF 60 DEG
S ARE NOT PERMITTED.

THE COARSENESS OF THE PRESENT 15 DPEG LATITUDE BY
30 DEG LONGITUDE GRID SYSTEM PRECLUDES USE CF

THE MODEL FOR CALCULATION OF OPERATIONALLY REALIS=-
TIC WIND FACTORS UNLESS CHANGES ARE MADE. RATHER
SIMPLE MODIFICATIONS TO THE EXISTING CATA BASE

AND GRID SYSTEM, ALONG wITH CORRESPONDING CHANGES
TO THE SOFTWARE, CAN ELIMINATE THIS LIMITATION.

SPECIFICALLY, THE FOLLOWING RESTRICTIONS MUST BE
ADHERED TDeoee

Ae NO ROUTE SHOULD BE FLOWN DIRECTLY OVER
EITHER POLE.

Be NEITHER POLE SHOULD SERVE AS A POINT *A?
(TAKEQOFF) OR A POINT *B* (LANDING).

Ce CIRCUMFERENTIAL OR ROUND ROBIN FLIGHTS IN
WHICH POINT *A* AND *'R* COINCIDE wIiLL 6E
ABORTED. BREAX SUCH FLIGHTS INTO SMALLER
SEGMENTS,

De SEMI-CIRCUMFERENTIAL FLIGHTS IN WHICH POINT
*8* IS EXACTLY OPPOSITE POINT *A* THROUGH
THE CENTE% OF THE EARTH WwILL ALSO ABORT,
BREAK SUCH FLIGHTS INTO SMALLER SEGMENTS.

Ee ROUTES OR SEGMENTS OF ROUTES FLOWN DIRECTLY
NORTH OR DIRECTLY SOUTH ALONG A LONGITUDE
LINE WILL ALSO ABORT,

Fe AT PRESENT, THE MODEL ALLOWS FLIGHTS ONLY
AT ALTITUDES 25,000 FT AND 35,000 FT.

Ge ALL DEPARTURE AND DESTINATION POINTS MUST
LIE WITHIN THE LATITUDINAL RANGE FROM 75
DEG N 7O 60 DEG S

RESTRICTIONS F AND G WERE IMPOSED IN ORDER TO RE~
DUCE THE CORE STNRAGE REQUIKEMENTS OF THE MODEL.

1« WHITON, Re Cey AND Po Lo HEROD, [980: WIND FACTOR

SIMULATION MODEL: MODEL DESCRIPTION, USAFETAC/TN-80/001.

2+ HERQDs Pe Les AND Re Cs »HITON, 1980: WIND FACTOR
SIMULATION MODEL: USER'S MANUAL, USAFETAC/TN-80/002.
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393 C*
394 Ce INPUT = FRMLAT = LATITUDE OF POINT 'A' (TAKEOFF) IN
395 C* DECIMAL DEGREESs NEGATIVF SOUTH
396 C» FRMLNG = LONGITUDE OF POINY 'A' (TAKEOFF) IN
397 C* DECIMAL DEGREES, NEGATIVE EAST
3986 C* TOLAT = LATITUDE OF POINT *B* (LANDING) IN
399 Cc* DECIMAL DEGREES, NEGATIVE SOUTH
400 (4] TOLNG = _ONGITUDE OF POINT *B* (LANDING) IN
401 C DECIMAL DEGREES, NEGATIVE EASY
402 C* JULDAT = JULIAN 3ASE DATE OF WIND FACTOR RE~
403 C* QUESTs INTEGER, VALUES 1 - 366
404 C* GMT = GREENYICH BASE TIME OF WIND FACTOR
405 c» REQUEST: VALUE 040 =~ 24.0 HRS
406 C» FCHRS = FORECAST HOURS AHEAD, VALUE GREATER
407 (4] THAN OR EQUAL TO 00 HRS
408 c* IALT = ALTITUDE INDEX, 1| FOR 25,000 FT AND
409 Cx 2 FOR 35+000 FT
] 410 C*x IOPTN = WIND OPTION OR MODE, INTEGER, O FOR
\ 411 (4] CALM WINDs 2 FOR 90% WORST WINDs AND
412 C» 3 FOR MEAN WIND, IN THE FUTURE., 1
413 cx* WILL BE IMPLEMENTED AS THE SIMULATED
414 C* WIND BUTY PRESENTLY DEFAULTS TO THE
415 C* MEAN WIND
i 416 C* ASPEED = ROUTE-MEAN AIRCRAFT AIR SPEED IN KNOTS
i 417 Cc*
41b Cx OUTPUT- GSPEED = RQUTE-MCAN AIRCRAFT GROUND SPEED IN
419 Cx* KNOTS
420 Cx*
421 C* SYSTEM SUB8-
422 Cx PROGRAMS
423 Cx* USED~- SQRTs SINs C0Ss FXEM
424 Cx*
425 C* USER SUB~-
426 (4] PROGRAMS
427 [ USED~- GRTCIRy DISTAN, 5PHGLO, HDG, BRLAT, BRLNG
428 Cx
429 Cx* ESTIMATED
%30 Cs CPU TIME- A LONG ROUTE CONSISTING OF B LEGS AND REQUIRING
43 Cx AN EQUATOR CROSSING TAKES Oel = 0.5 SEC CPU TIME
432 Cx ON A HONEYWELL 6030 COMPUTER.
433 Cx
434 Cx STORAGE
435 Ca REQUIREMENTS- PROCEDURE PLUS DATA OCCUPY 1130 WpRDS OF CORE
436 Cx STORAGE. COMMON BLOCK /wEA/ ADDS 2610 wWORDS.
437 C* TOTAL CORE Is 3740 WORDS FOR THIS SUBROUTINE.
438 Cx
43y Cx PROGRAM
440 Cx UPDATES=~ NONE
441 Cx
442 CRERRRREAREREREES R R AR KRERE AR R KRR R RS R AR AR RN AR AR AR ARG R R g
443 C
444 COMMON /WEA/ DIR(8T0), SPD(BT70)s VAR(870)
445 [« COMMQON /DBG/ NDEBUG
446 C
447 C DESCRIPTION OF SPHERICAL GRIDe LATITUDE GRID LINES ARE SPACED
44F C EVERY DELTLA DEGREES OF LATITUDE. LONGITUDE GRID LINES ARE
449 C SPACED EVERY DELTLO DEGREES OF LONGITUDE,
450 C
451 DATA DELTLA/15.0/, DELTLO/3040/
452 [
453 C ANGLE CONVERSION FACTORS. MULTIPLIER DTOR CONVERTS DEGREES YO
454 C RADIANS. RTOD CONVERTS RADIANS TO DEGREES.
455 C
456 DATA DTOR/0.,01745329/, RT0OD/57.295780/
457 C
458 C LEGMAX 15 MAXIMUM PERMITTED NUMBER OF LEGS IN ROUTE, USED TO
459 C DETECT RUNAWAY ROUTES.
460 [
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DATA LEGMAX/SO/

PEXEEEERREREE R LR RE KRR RRE SRR EE R R R RS

* PART 1
* BRANCH

*
*

EARESRR R R KRRk E R R R ERRE PSR A g RBeEE

BRANCH TO APPROPRIATE PART OF SUBROUTINE.

FLAG.
IOPTN FUNCTION
0 CALM WIND
1 SIMULATED WIND
2 90X WORST WIND
3 MEAN WIND

BASED ON VALUE OF I0PTN

SUBROUTINE PARTS

PART 11

PART Vv

PARTS II1 & IV
PART 111

aNaNaNaN ol aNaNaN e Na N e NN aNaNaNaNaXaNaNaXaNaNal

[a¥a} [aNaNeNaNaNaN oW aNallal

[a}

s aNaNaNaNaNaNa¥aNal

lalaNaNal

[alalallal

NOTE THAT PREPARATION OF THE 99% WORST wIND REQUIRES HAVING PRE-
VIQUSLY ESTABLISHED THE MEAN wWIND.

NOTE THAT IN THIS VERSION OF THE SUBRUUTINE, THE SIMULATED WIND
OPTION IS NQOT OPERATIONALe CALLS FOR THE SIMULATED WwWIND wlIlL DE~
FAULT TO THE MEAN WIND.

IF (IOPTN oLTe O +ORe IOPTN .GTe. 3) GO TO 7020
IOPTNP = IOPTN + 1
GO YO (2000s 5000s 3000, 3000)s IDPTNP

(2222222232 22232 2222 22 SRR S 22
* PART I1 *
* CALM WIND *
FERBEREEB A SR AR SR AR ER R R RS RNk kKR E R

IN THE CALM #IND CASEs THE WIND FACTOR IS ZERO, AND GROUND SPEED
IS EQUAL Tg AIR SPEED IN KNOTS. RQUTE-AVERAGED WIND FACTOR WBARBR
IS ZFRQ.

WBARBR = 0.0
GO TGO WRAPUP AND TERMINATION.
GO T0 6000
R L e e R s TR E R Ty
* ’ PART TI11 *
* MCAN  W#IND *
EEERREEEEEREE R RB AR E AR AR KRS R AR RNk
INITIALIZE ACCUMULATORS FOR DISTANCE (SACC)s VARIANCE (VACC).

ALONG-TRACK wIND COMPONENT (VGACC), AND CROSS=TRACK wIND
COMPONENT (VvCACC).,

SACC = Oo.

VACC = 0.0
VGACC = 00
VCACC = 0.0

INITIALIZE LAST-LEG FLAG LASTLGs WHEN THF CURRENT LEG DF THE
FLIGHT IS THE LAST LEG, LASTLG = 1.

LASTLG = O

TEST POSITION OF POINT *'A' (FRMLAT,FRMLNG) AND POINT *'B* (TOLAT,
TOLNG) FOR LEGAL PANGE OF VALUES IN DEGREES.

IF (FRMLAT oLToe -90e0 +0Re FRMLAT +GT. 90,0) 6O TC 7030

IF (TOLAT oLTe =900 «0ORs TOLAT «GTe 9040) GO TO 7030
IF (FRMULNG «LTe =~1B0¢0 +ORes FRMLNG «GTe 180.0) GO TC 7030
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[

3050

3055

3060

3065

3ov70

3075

IF (TOLNG LT. =-18040 +OR. TOLNG «GTe 180.0) GO TO 7030

INITIALIZE INTERMEDIATE POINT COORDINATES.

XLATC = 0.0
XLNGC = 0.0
THETAC 0.0
PHIC 0.0

INTERPREY THE JULIAN DATE JULDAT IN TERMS OF SEASON OF THE YEAR,
INDICATED BY THE SEASON INDEX ISEASNe GIVE AN ERROR CONDITION
FCR ILLEGAL JULCAT VALUES.

JULTAN DATES SEASUN SEASON INDEX
JULDAT OF YcAR ISEASN
1 - 59 WINTCR 1
60 - 151 SPRING 2
152 - 243 SUMM:SR 3
244 - 334 FALL 4
335 -~ 366 WINTER 1

IF (JULDAT .GT. 366) GO TO 7000
IF (JULDAT .GE. 335) GO TO 3065
IF (JULDAY LGEe 244) GO TCQ 3050
IF (JULDAT +GEs 152) GO TO 3053
IF (JULDAT LGE. 60) GO 1O 3060
IF (JULDAT LGE. 1) GO TO 3063
GO0 TO 7000
ISEASN = 4
G0 TO 3070
ISEASN = 3
GO TO0 3070
ISEASN = 2
G0 TO 3070
[SEASN = 1
GO TO 3070

HECK ALTITUDE OPTION IALT FOR LEGAL RANGE.

1ALT AIRCRAFT ALTITUDE
1 254000 FT
2 35,000 FT

IF (IALT «LTe 1 «DRe IALT «GTe 2) GG TO 7010

ZALCULATE TOTAL GREAT CIRCLE DISTANCE STOT IN NAUTICAL MILES BE-
TWEEN POINTS *'A*' AND 'B.°*

STOT = 0.0
ZALL DISTAN (FRMLAT, FRMLNG, TOLAT, TOLNG, STOT)

INITIALIZE GREAT CIRCLE SUBROUTINE. NOTE THAT GRTCIR IS
CALLED TWICE=~~ONCE FOR ICONV = 1 AND ONCE FOR ICONV = 2.

ICONVY = 1

IGUFSS = 0

XUNGG = 040
XEAST = 0e0
XNORTH = 0.0
XLATC = 0e0
XLNGAP = 0.0
SAPRIM = 0.0

CALL GRTCIR (ICONV, FRMLAT, FRMLNG, TOLAT, TOLNGs XLATC.s XLNGC,
THETAA, PHIA, THETAB, PHIB, QTX,s QGTYs QT2Z» IGUESS, XLNGG,
XEAST, XNORTH, XLNGAP, SAPKRIM, XLATCs THETAC, PHIC)

IF (ICONV +EQe 2) GO TO 3080
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3137
3140

ICONV = 2
GO Y10 3075

SET THE LOCATION (XLATC,XLNGC) OF THE CURRENT-POINT TO POINT
*A' (FRMLAT,FRMLNG)se THIS ROUTINE OPERATES WITH TwO PRINCIPAL
POINTERS, NAMELY THE CURRENT=POINT (XLATC+XLNGC) AND THE NEXxT~-
POINT (XLATNP+XLNGNP)s COMPUTATIONS IN THIS SUBROUTINE ARE
PRIMARILY IN TERMS OF LATITUDE AND LONGITUDE. SOME LIMITED
USE OF COLATITUDE (THETA) AND AZIMUTH (PHI) IS MADE BY
SUBROUTINE GRTCIR.: SO THESE QUANTITIES (THETAC, PHIC) ARE
MAINTAINED FOR THE CURRENT=-POINT (XLATC, XLNGC).

XLATC = FRMLAT
XLNGC = FRMUNG
ICONVX = 1

CALL SPHGLD (ICONVXs XLATC, XLNGC, THETAC, PHIC)

INITIALIZE THE LEG COUNTER LEGNOe« WHICH IS UNITY FOR THF FIRST
LEG OF THE FLIGHT.,.

LEGND = 1

IF (NDEBUG +GTe 0) WRITE (6,B8000)

FORMAT (1HO. T8, 'CURR PT*', T21, 'NEXT PT', T34, 'DISTANCE'. T4a,
YSEC=', TS50, *ACFT*, T55, '=~ececccccay[ND-=cmr—m~ace-t/1X,
LGy T7, ‘LAT',

Tl4a,s 'LNG', T20, 'LAT', T27s *'LNG'e T33, "NAUT MILES', Té4,
'TOR'y TS514 'HDG', T58, 'DIR'. T64s *SPD's T70, 'VAR', T74,
'FACTOR'7/)

BEGIN NAVIGATION LOOP.

BASED ON A GREAT CIRCLE BETWEEN THE CURRENT=POINT AND POINT '8,
CALCULATE THE AIRCRAFT'S HEADING HDGC AT THE CURRENT=-POINT,
HEADING IS THE DIRECTION TOWASD WHICH IN DEGREESs 00 FOR NORTH=-
WARD,s 90,0 FOR EASTWARD, 160.u FOR SOUTHwARD, AND 270.,0 FOR
WESTWARD,.

HDGC = HDG (XLATC, XLNGCs TOLAT, TOLNG)

BASED ON THE HEADING HDGC AT THE CURRENT-POINT. DETERMINE THE
EASTWARD DIRECTION INDICAT(OR XEAST (POSITIVE FOR FASTWARD
COMPONENT OF AIRCRAFT MOTION) AND NORTHwWARD DIRECTION INODI~
CATOR XNORTH (POSITIVE FOR NORTHWARD COMPONENT OF AIRCRAFT
MOTION)e SPECIAL CASES OF CARDINAL HEADINGS ARE HANDLED BY
STATEMENTS 3110 THROUGH 3137, WHILE GENERAL CASES ARE HANDLED
8Y 3140 THROUGH 3167,

IF (HDGC .ED. 0«0 +0ORe HDGC +EQG, 360.0) GO TO 3120 B
IF (HDGC +EGe 90.0) GO TO 3125 N
IF (HDGC +E0. 180.0) GO TO 3130

IF (HDGC +FQs 270.0) GO TO 3135 .
GO To 3140 .
XEAST = 0.0 !
XNORTH = 1.0

60 10 3170

XEAST = 1.0 ]
XNORTH = 0,0
GO0 TO 3170
XEAST = 0.0
XNDRTH ==1,0
GO TG 3170 !
KEAST ==1.0 [
XNORTH = 0.0

G0 TO 3170

IF (MDGC +LTe 90.0) GO TO 3150

IF (HDGC oLTe 180ed) GO TO 3155 .
IF (HDGC oLTe 27040) GO TO 3160
60 T3 3165
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XEAST = 1.0
XNORTH = 1.0
G0 TO 3170
XEAST = 1.0
XNORTH = =140
GO TO 3170

XEAST = =140

XNORTH = =140

GO TO 3170

XEAST = =1.0

XNORTH = 1.0

CONTINUE

IF (NDEBUG ,GT, 1) WRITE (6,8010) XEAST, XNORTH
FORMAT (1H , T4, 'XEAST.XNORTH = ', T36, 2F10.4)

BASED ON EASTWARD DIRECTION INDJCATOR, CALCULATE THE POINT OF NEXT
LONGITUDE CROSSING (XLNGNX) AND ASSOCIATED LATITUDE (XLATAS) DEF~-
TERMINED FROM THE EQUATION OF A GREAT CIRCLE. THIS 1S CANDIDATE
POINT #le STATEMENTS 3200-3299s DIFFERENT PROCEDURE IS USED,
DEPENDING ON WHETHER THIS 1S THE FIRST LEG OF THE FLIGHT OR
WHETHER (ON SUBSEQUENT LEGS) THE CURRENT=-POINT WAS CANDIDATE ¥)
(NCAND = 1) OR CANDIDATE #2 (NCAND = 2).

IF (LEGNO «GTe 1) GO TO 3240

PROCEDURE FOR FIRST LEG OF FLIGHT. DETERMINE BRACKETING LONGI=-
TUDE VALUES. MOVE EAST (DECREASING LONGITUDE) 1IF XEASY .GT.
O«0e SET XLNGNX.

CALL BRLNG (XLNGC, XLNGLOs XLNGHI)

IF (NDEBUG +GTe 1) WRITE (6,8020) XLNGLO, XLNGHI
FORMAT (1H , T4, *'XLNGLO,XLNGH[ = *, T36, 2F10.4)
IF (XEAST) 3220,3220,3230

XLNGNX = XLNGHI

GO 710 3290

XLNGNX = XLNGLO

G0 1O 3290

PROCEDURE FOR SUCCEEDING LEGS DEPENDS ON wHETHER CANDIDATE #1 OR
CANDIDATE #2 wAS CHOSEN LAST TIME.

GO TO (3250,3270)s NCAND

IF CURRENT~POINT WAS A CANDIDATE #1 (EXACT LONGITUDE)s, THEN NEXT
LONGITUDE CROSSING 1S THAT LONGITUDE PLUS OR MINUS DELTA-LONGI-
TUDE (PLUS FOR WESTWARD, MINUS FOR EASTWARD).

XLNGNX = =(XEAST * DELTLO) + XLNGC
ADJUST LONGITUDE FOR DATELINE FOLDe.

IF (XLNGNX «GTe 18B0,0) GO TO 3260
IF (XULNGNX oLTe. -180.0) GO TO 3265
6o TO 3290

XLNGNX = XLNGNX = 36040

GO0 7o 3290

XLNGNX = XLNGNX + 360.0

G0 TO 3290

IF CURRENT=POINT WAS A CANDIDATE #2 (INEXACT LONGITUDE). THEN
NEXT LONGITUDE CROSSING MUST 3k FOUND BY THE BRACKETING METHOD
USED FOR LEGNG = 1.

GO TOo 3210 H
SET ASSACIATED LATITUDE (XLATAS).

ICONV = 3
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CALL GRTCIR (ICONVs FRMLAT, FRMLNGs TOLAT. TOLNGs XLATAS, XLNGNX,
THETAAs PHIA» THETAB» PHIB, QTXs UTYs QTZs IGUESSs XLNGG,

XEAST, XNORTH, XLNGAP, SAPRIM, XLATCs THETACs PHIX)

IF (NDEBUG +GTes 1) WRITE (6,8030) XLATASs XLNGNX

FORMAT (1H , T4, *XLATAS+XLNGNX = *, T36, 2F10.4)

BASED ON NORTHWARD OIRECTION INOICATORes CALCULATE THE POINT OF
NEXT LATITUDE CROSSING (XLATNX) AND ASSOCIATED LONGITUDE
(XLNGAS) DETERMINED FROM THE ~QUATION OF A GREAT CIRCLE. THIS
IS CANDIDATE POINT #2. STATEMENTS 3300-3399., DIFFERENT PRO~
CEDURE 1S USEDs DEPENDING WHETHER THIS IS FIRST LEG OF FLIGHT
OR WHETHER (ON SUBSEQUENT LEGS) THE CURRENT=POINT WAS A
CANDIDATE #] (NCAND = 1) OR A CANDIDATE #2 (NCAND = 2).

FIRST SET COUNTER OF 'GRTYCIR' CONVERGENCE FAILURES TO ZERGC.
THIS WILL LATER BE USED TO REVERSE TME LATITUDF SEARCH.

NFAIL = O
DISCRIMINATE FIRST FROM SUBSEQUENT LEGS,
IF (LEGNO «GTe 1) GO TO 3340

PROCEDURE FOR FIRST LEGe DETEXMINE BRACKETING LATITUDE VALUES.
MOVE NORTH (INCREASING LATITUDE) IF XNORTH «GTe Os0e SET
XLATNX

CALL BRLAT (XLATC, XLATLOs XLATHI)

IF (NDEBUG oGTe 1) WRITE (6,8040) XLATLO. XLATHI
FORMAT (1H o T4, *"XLATLOWXLATHI = *, T36, 2F10.4)
IF (XNORTH) 3320.,3320,3330

XLATNX = XLATLO

G0 TO 3390

XLATNX = XLATHI

GO 1O 3390

PROCEDURE FOR SUCCEEDING LEGS DEPENDS ON WHETHER CANDIDATE #1 OR
CANDIDATE 2 wAS CHOSEN LAST TIME.

GO TO (3350,3370)s NCAND

IF CURRENT-PUOINT WwAS A CANDIDATE #1 (INEXACT LATITUCE), THEN NEXT
LATITUDE CROSSING MUST BE FOUND BY THE BRACKETING METHOD USED FOR
LEGNGO = 1.

GO TO0 3315

IF CURRENT-PJINT WAS A CANDIDATE #2 (EXACT (ATITUDE)s THEN NEXT
LATITUDE CROSSING IS THAT LATITUDE PLUS OR MINUS DFLTA-LATITUDE
(PLUS FOR NORTHwWARD, MINUS FO~ EASTWARD).

XLATNX = (XNORTH * DELTLA) + XLATC
IF ( ABS(XLATNX) oLEe 0001 ) XLATNX = 040

ADJUST LATITUDE FOR POLAR SINGULARITY,.
IF (XLATNX «GTa 90.0) GO Tu 3375

IF (XLATNX «LTe =90.0) GO YO 3380
GO0 T3 3390

XLATNX = 1800 - XLATNX
GO0 TO 3390
XLATNX = =18040 - XLATNX

GO T3 3390
ATTEMPT TO SET ASSOCIATED LONGITUDE (XLNGAS).

ICONY = 9
IF (NDESUG +4T. 1) WRITE (6,8050) XLATNX
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CALL GRTCIR (ICONVs FRMLAT, FRMLNG, TOLAT, TOLNG», XLATNX,
XLNGAS, THETAA, PHIAs THETAB., PHIBs QTXse QTYs QTZ,
IGUESSs XLNGG, XEAST+ XNORTH, XLNGAP, SAPRIM, XLAYC, THETAX,
PHIC)

RESCUE PHIC FOR LATER USE.

ICONVX = )

CALL SPHGLO (ICONVXe XLATC, XLNGC,» THETAC, PHIC)

IF (NDEBUG +GTe. 1) WRITE (6,8060) ICONV

FORMAT (1H » T4, *ICONV = 'y T36s 110)

IF (NDEBUG +GT. 1) WRITE (6,8070) XLNGG

FORMAT (1H o+ T4, *FIRST GUESS LONGITUDE = *, T36s F10.4)
IF (NDEBUG +GTe 1) WRITE (6.8090) XLATNXes XLNGAS

FORMAT (1H + Tas *XLATNX4XLNGAS = 'y T36s 2F10.4)

IF *GRTCIR®* SUBROUTINE FAILS TO CONVERGE IN LONGITUDE, INCREMENT
FAILURE COUNTER BY ONEs REVERSE LATITUDE SEARCH DIRECTION. AND
TRY AGAIN TO DETERMINE THE NEXT LATITUDE CROSSING (XLATNX) AND
ASSOCIATED LONGITUDE. OTHERWISE, CONTINUE., TWO CONSECUTIVE
FAILURES PRODUCE AN ERROR ABORT.

IF (ICONV «NEes 11) GO TO 3400

NFAIL = NFAIL + 1

IF (NFAIL «GTs 1) GO TO 7040

XNORThH = =XNJIRTH

IF (NDEBUG +GTs 1) WRITE (6,8090) xNORTH

FORMAT (iH , T4, 'REVERSED XNOXTH = ', T36» F1044)
GO TO 3310

CALCULATE GREAT CIRCLE DISTANCF (GCD) S]1 FROM CURRENT=POINT
(XLATCXULNGC)Y YO CANDIDATE #1 (XLATASXLNGNX),. CALCULATE
GCD S2 FROM CURRENT=POINT TO CANDIDATE #2 (XLATNX,XLNGAS).

CALL DISTAN (XLATCs XLNGCs, XLATAS, XLNGNX, S1)
CALL OISTAN (XLATCe XLNGCs XLATNX, XLNGAS. S2)

WHICHEVER OF THE Tw0O POINTS, CANDIDATES 1 0OR 2., IS CLOSEST TO THE
CURRENT=PNINT IS SELECTED AS THE NEXT-PUINT (XLATNP,XLNGNP)

ALONG THE PATHe. DECISION IS MaDE ON THE BASIS OF GCD S1 FOR (CaN-
OIDATE POINT #1 AND S2 FOR CANDIDATE POINT w2,

IF (S2 - S1) 3420.3420,3430

CASE OF S1 +GEae S2 eee CHDOSE CANDIDATE #2.

NCAND = 2
XLATN = XLATNP
XULNGN = XLNGNP
XLATNP = XLATNX
XLNGNP = X{NGAS
SNP = S52

GO TO 3450

CASE OF S2 oGEe S1 ees CHUOSE CANDIDATE #1.

NCAND = 1
XLATN = XLATNP
XLNGN = XUNGNP
XLATNP = X|_ATAS
XLNGNP = XLNGNX
SNP = S1

NOTEeoe (XLATNXLNGN) IS CROSSING POINT BEFORE NEXT-POINT.

CALCULATE GREAT CIRCLE DISYTANCE (GCD) SNEXT IN NAUTICAL MILES
FROM POINT *A* (FRMLAT,FRMLNG) TO THE NEXT-POINT (XLATNP,
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XLNGNP) JUST SELECTEDe. 1IF THAT DISTANCE (SNEXT) 1S GREATER
THAN THE TOTAL GCD (STOT) RETWEEN *'A' AND *B,' THEN THE NEXT-
POINT IS BEYOND THE TERMINATIUN~POINT *B,.°* IN SUCH A CASE,
THE COORDINATES OF *B* MUST BE USED AS THE LAST-POINT
(XLATNP ¢ XLNGNP)s DISTANCE SNP MUST BE ADJUSTED. AND LAST-LEG
FLAG MUST BE TURNED ON.

3450 SNEXT = 0.0

IF (NDEBUG «GTe 1) WRITE (6,8100) NCAND, XLATNPo» XLNGNP
FORMAT (1H , T4, 'NCAND,XLATNP,XLNGNP = *, T36, 110, 2F10.4)
CALL DISTAN (FRMLAT, FRMLNG, XLATNP, XLNGNP, SNEXT)

IF (STOT = SNEXT) 3460,3500,3500

PROCEDURE FQR SNEXT .GT. STOT.

LASTLG = 1
XLATNP = TOLAT
XLNGNP = TOULNG

CALL DISTAN (XLATNs XLNGNs TOLATe TOLNGs SNP)

FIND APPROXIMATE MIDPOINT BETWEEN CURRENT-POINT (XLATCsXLNGC)
AND NEXT=POINT (XLATNP,XLNGNP)e THIS MIDPOINT IS LATER USED
TO DETERMINE GRID SECTOR NUMBER NSEC AND AS POSITION FNR
COUMPUTATION OF AIRCRAFY HEADING HDGM.

. * (XLATC + XLATNP)

XLATM S
«5 #* (XLNGC + XLNGNP)

XLNGM

0
0

FIND ROW NUMBER NROW (LATITUDE CUUNTER) AND COLUMN NUMBER NCOL
(LONGITUDE COUNTER) OF MIDPOINT. THEN USE NROW AND NCOL TO
COMPUTE SECTOR NUMBER NSEC IN ~HICH THE MIDPOINT (XLATM,
XLNGM) LIES. IF POINT LIES OUTSIDE PLUS NR MINUS 75.0 DEGREES
LATITUDE LIMITS OF THE GRID SYSTEM, BOGUS THE POINT INTO THE
SYSTEM.

XLATDM = XLATM

IF (XLATDM GTes 7540) XLATDM = 75,0

IF (XLATDM oLTe =6040) XLATOM = =560.0
ANGLE = 75,0 = XLATOM

NROW = (ANGLE 7/ DELTLA) + 1

ANGLE = =XLNGM + 3040

IF (XLNGM +GTe 0e0) ANGLE = 39040 = XLNGM
NCOL = (ANGLE 7/ DELTLO) + 1

IF (NCOL +GT. 12) NCOL = NCOL - 12

NSEC = ((NROW = 1) % 12) + 1 + (NCOL - 1)

CALCULATE DATUM NUMBER NRND BASED ON SECTOR NUMBER NSEC
(1-10€)s AIRCRAFT ALTITUDE IALT (1-2) AND SEASON INDEX
ISEASN (1-4).

NRND = (ISEASN -~ 1) * 2 % 108 + (IALT = 1) * 108 + NSEC

CALCULATE AIRCRAFT HEADING HDG (DIRECTION TOWARD WHICH IN
DEGREES) AT ThHE MIDPOINT *Me!

HOGM = HDG (XLATM. XLNGM, TOLAT, TOLNG)

CONVERT HEADING IN DEGREFES TO ANGLE ALPHA IN RADIANS, ALPHA
IS THE DIRECTICN TOWARD WHICH THE AIRCRAFT*S GROUND TRACK IS
INCLINED. IN RADIANS COUNTERCLOCKWISE FROM EASTWARD,

ALPHA = 90«0 - HDGM
IF (ABS(HDGM) = 1B0.0) 3560,3560+3550
ALPHA = 3600 + ALPHA
ALPHA = DTOR * ALPHA

RETRIEVE DIRECTION DIRM AND SPEED SPDM TOWARD WHICH THE WIND IS
SBLOWING AT THE MIDPOINT PCSITION (XLATM XLNGM)e DIRECTION IS
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IN RADIANS COUNTERCLOCKWISE F<OM EASTWARD (EeGes WIND FROM 225
DEGREES HAS DIRM = +PI/4 = 0478540)e SPEED IS IN KNOTS. ALSO
RETRIEVE VECTOR STANDARD VARIANCE VARM (SQUARE OF VECTOR STAN=-
DARD DEVIATION) IN UNITS OF KNOTS##%2,

DIRM = DIR(NRND)
SPDM = SPD(NRND)
VARM = VAR(NRND)

COMPUTE ALONG=GROUND-TRACK WIND COMPONENT VGM AND CKROSS5=-GROUND-
TRACK WIND COMPONENT vCM IN KNOTSe

GAMMA = DIRM - ALPHA
GAMMAA = ABS(GAMMA)

VGM = SPDM * CDS(GAMMAA)
VCM = SPDM x SIN(GAMMA )

COMPUTE TIME-AVERAGED WIND FACTOR WBAR IN KNDTS FOR THE
PRESENT LEG.

WBAR = VGM ~ ((VCM*VCM + (VARM/2.0)) / (2.0%ASPEED))

IF (NDEBUG «GTe O0) WRITE (6+8110) LEGNO, XLATC,y¢ XLNGC, XLATNP,
XLNGNP, SNP, NSEC, HDGM, DIRM, SPDM, VvARM, WBAR

FORMAT (1H ,12,2(F6el,F721),T733,FB842,T42,14,1X,2F7.3,F6.1,
F6.0, F7a1)

ACCUMULATE TOTAL DISTANCE YO THE ACCUMULATOR SACCs DISTANCE-
WEIGHTED TOTAL VARIANCE TO VACC, DISTANCE-WEIGHTED TOTAL
ALONG=TRACK COMPONENT T0O VGACC, AND DISTANCE-WEIGHTED
TOTAL CROSS-TRACK COMPONENT Th VCACC.

SACC = SACC + SNP

VACC = VACC + (SNP * VARM)
VGACC = VGACC + (SNP # VGM )
VCACC = VCACC + (SN# %= VM )

ADVANCE TO NEXT-POINT. OGOLD NEXT=POINT (XLATNP.XLNGNP) BECOMES
CURRENT=PDINT (XLATCsXLNGC), UPDATE (THETAC, PHIC) COR=-
RESPONDING TO (XLATCs XLNGC)o. INCREMENT LEG NUMBER COUNTER.
GIVE ERROR CONDITION FOR RUNAWAY ROUTE (EXCESSIVE NUMBFR OF
LEGS).

XLATC = XL_LATNP

XLNGC = XLNGNP

ICONVX = 1

CALL SPHGLO (ICONVXe XLATC, XL 4GCe THETAC, PMIC)
LEGNO = LEGNO + 1

IF (LEGNO «GTe LEGMAX) GO TO 77350

IF CURRENT=POINT (XLATC+XLNGC) IS POINT *B' (TOLAT,TOLNG)s THIS
IS THE LAST LEG OF THE FLIGHT, AND SUBROUTINE BRANCHES TO WRAP-
UP. OTHERWISE, ROUTINE GOES »ACK FOR THE NEXT LEG.

XLADIF = ABS(XLATC ~ TOLAT)

XLNDIF = ABS(XLNGC ~ TOLNG)

IF (XLADIF «LTe 040001 oANDe XLNDIF oLT. 046001) LASTLG = 1
IF (LASTLG «EGe. 0) GO TO 3100

COMPUTE FINAL ROUTE~AVERAGED WIND FACTOR WBARBR. DIVIDE DISTANCE-
WEIGHTED ACCUMULATORS BY TOTAL DISTANCE TO GET RNUTE-MEAN VARI~
ANCE VARBP, ROUTE-MEAN ALUONG~TRACK COMPONENT VGBR, AND ROUTE-
MEAN CROS5S=-TRACK COMPONENT VCDORe THEN CALCULATE THE ROUTE-MEAN
WIND FACTNR WBARBR.

VARBR = VACC /7 SACC
veBR = VGACC / SACC
vVCBR = VCACC / SACC
WBARBR = VGER - ((VCBR*V(BR + (VARBR / 2.0)) 7/ (2.0 ® ASPEED))

35




- iy

L A S 1t A e A

-~

- —— o s oy

1008
1006
1007
19008
1009
1010
1011
1012
1013
10314
1015
1016
1017
1018
1019
102¢
1021
1022
1023
1024
1025
1026
1027
1028
1029
1030
1631
1032
1033
luos
1035
1036
1037
1038
1€39
1040
1041
1042
1043
1044
1045
1046
1047
104¢€
1049
1050
1051
1052
1053
105a
1055
1056
1097
1058
1059
1000
10¢1
ivee
1063
luba
1065
1066
1067
1068
1066
1v70

n
@©
-
[
o

[a N o NN aNaNa¥alal

NOoONONOHOANHNONOHANOHOANANOONNANNANNOHANANNN

4000

(a2l

laNalal

(ol aNaNaRalalalal

IF (NDEBUG +GTe. 0) WRITE (6.8120) STOT, VGBR, VCBR, VARBR, WBARBR
FORMAT (1HOs °*GREAT CIRCLE DISTANCE®, T30y F15.5/7/1X,
*ROUTE=AVERAGE's T164+ 'ALONG~TRACK', T30, F15.5/
Ti6, *CROSS~-TRACK', T30, F1545/T16, *VARIANCE', T30, F15.5/
Tl6e 'WIND FACTOR's T30+ F15.5)

IF IOPTN = 2, BRANCH TO PART IV OF THE SUBROUTINE TOD ADJUST THE
WIND FACTOR TO THE 90X WORST CASE. OTHERWISE, BRANCH TO PART
VI FOR WRAPUP AND NORMAL TERMINATION.
GO TO (6000, 6000 4000, 6000), IOPTNP
ERARRER RS RE R R SRR SRR R T RSP R RS R
* PART 1v *
* 90% WORST WIND -
RN EREERBRRR AR R AR RN R R R R kAR E R
90% WORST WIND FACTOR CALCULATION EMPLOYS THE SAWYER METHOD
DESCRIBED IN AIR WEATHER SERVICE TECHNICAL REPORT 77-267,
GUIDE TO APPLIED CLIMATCLOGY, PAGE 6-8. THE NEW VARIABLES
USED IN THIS CALCULATION ARE AS FOLLOWSees
XKFACT = FACTOR TO CONVERT MEAN STANDARD VECTOR DEVIATION ]
OF WINDS OVER A RQUTE (STVDVW) TO STANDARD DEVIA- R
TION OF THE MEAN WIND FACTOR (STDVWF)

STVOvw = MEAN STANDARD VECTUR DEVIATION OF WwINDS OVER A
ROUTE

STOVWF = STANDARD DEVIATION OF THE MEAN WIND FACTOR
WBARBR = 907 WORST WIND FACTOR (leEss 10% RISK) *
CALCULATE X~-FACTOR OF SAWYER. THE RELATION USED BELOW IS5 A
GEOMETRIC CURVE FIT TO SAWYER'S DATA REPORTED IN AWSTH 77-
267, THE GEOMETRIC CURVE FIT wAS CONSTRUCTED USING HEWLETT-
PACKARD 65 STAT PAC #2, PAGE 22« THE FUNCTION GIVES
K (XKFACT) AS A FUNCTION OF ROUTE LENGTH (STOT).
XKFACT = 0,70585066 % (0,99983056#*5707)
CALCULATE MEAN STANDARD VECTOR DEVIATION OF WIND OVER RNUTE.
STVDVW = SQRT(VARBR)
CALCULATE STANDARD DEVIATION OF THE MEAN WIND FACTOR.
STCVWF = STVDVW * XKFACT
CALCULATE $0% WORSY WIND FACTOR.
WBARBR = WRARBR - (128 * STOVWF)
WRAPUP AND NORMAL TERMINATION,
GD TU 6600
EREEXEERARRE KA KRR AT RSN R R EE R R KNk

* PART V .

* SIMULATED #IND *
EARRERARBEEERREEAAR KR PR R RN A SRR RO R R RS

SIMULATED WIND PRESENTLY DEFAULTS TO THE MEAN wIND CASE.

5000 60O TO 3000

C

16



i 1u7i C SRR EEEB R ERRRER SR NS LR E LR ER TR SRS RS
} 1072 c * PART VI *
! 1073 c s WRAPUP & NORMAL TERMINATION .
ll 1074 C PR EEABRER SR RSN RN KRS R R SRR R EER SRR EEN
! 1075 c
1076 < WIND FACTOR IS GROUND SPEED MINUS AIR SPEED. USE THIS RELATION
} 1077 4 TO COMPUTE GROUND SPEED (GSPEED) IN KNDTS FROM GIVEN AIR SPEED
i 1078 4 (ASPEED) IN KNOTS AND ROUTE~AVERAGED WIND FACTOR (WBARBR) IN
: 1079 C KNOTS,
1 1080 c
| 1081 6000 GSPEED = ASPEED + WBARBR
1082 c
é 1083 C NORMAL TERMINATION.
: 1084 c
! 1085 RETURN
N 1086 c
1087 C R SR EBEEE X E SRR AR AR SRR RS KRR k&
S 1088 c * PAKT VII *
1069 c . ABNORMAL TERMINATION .
t 1090 C XTI IS I3RS 2312232222323 3 82323
1091 c
‘ 1092 7000 GSPEED = ASPEED
. 1093 WRITE (6,8130) JULDAT, GMT, IALT, FRMLAT, FRMLNG, TOLAT,
; 1094 & TGLNGs IOPTN
} 1095 8130 FORMAT (1HO, "###2wIND FACTOR FRROR DIAGNDOSTICS®#®*#1/1X,
, 1096 F *JULIAN DATE = %, T15, 110, T35, °GMT = *, Tal, F10.2, T53,
i 1097 3 *ALT OPTION = %, T66, [10/1X,
| 1098 s *FROM=LAT 2 t, F10e2s T30s 'FROM-LNG = ', TA4l, F10e2/1X,
i 1699 & 1TO=LAT = 'y F10e2, T32, 'TO=LNG = *, F10.2., T52,
‘ 1100 8 *WIND OPTION = *, 110//)
‘ 1101 CALL FXEM (61s *SUBROUTINE ENRW#NDeesILLEGAL JULIAN DATE®, 10)
1102 RETURN
1103 7010 GSPEED = ASPEED
1104 WRITE (6+8130) JULDAT, GMT, IALY, FRMLAT, FRMLNG, TOLAT,
1105 e TOLNG, IOPTN
1106 CALL FXEM {61+ *SUBROUTINE ENRWNDseeILLEGAL ALTITUDE', 9}
1107 RETURN
1108 7020 GSPEED = ASPEED
‘ 1109 WRITE (6.8130) JULDAT, GMT, IALT, FRMLAT, FRMLNG, TOLAT,
1110 3 TOLNG, IOPTN ,
1111 CALL FXEM (61, *SUBROUTINE ENRWND.esILLEGAL WIND OPTION', 10)
1112 RETURN
1113 7030 GSPEED = ASPEED
1114 WRITE (6.,8130) JULDAT, GMT, IALT, FRMLAT, FRMLNG, TOLAT, ‘
| 1115 Fy TOLNG,., IOPTN
1116 CALL FXEM (61s "SUBROUTINE ENRWNDeeoILLEGAL LAT/LON'y 9)
1117 RETURN
1118 7040 GSPEED = ASPEED
1119 WRITE (6.8130) JULDAT. GMT, IALT, FRMLAT, FRMLNG, TOLAT,
1120 & TOLNG: I10PTN
1121 CALL FXEM (61s SSUBROUTINE ENRWND.esGRTCIR FAILED TWICE', 10)
1122 7050 GSPEED = ASPEED
1123 WRITE (6,8130) JULDAT, GMT, IALT, FRMLAT, FRMLNG, TOLAT,
1124 s TOLNG. IOPTN
1125 CALL FXEM (61+ *SUBROUTINE ENRWND.e«+RUNAWAY ROUTE', 9)
1126 RETURN
1127 END
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CONOU D WA~

CGRTCIR EQ GRT CIRCLE/Res Ce WHITYON/OS FEB 1979

<
SUBROUTINE GRTCIR (ICONV, FRMLAT, FRMLNGs TOLAT, TOLNGs XLAT,
8 XLNGo, THETAAs PHIA, THETAB, PHIBs GTX, OTY, QTZ, IGUESSs XLNGG,
3 XEAST, XNORTH, XLNGAP, SAPRIM, XLATC., THETA. PHI)
C
CEIRERRERARRERRERRERAAEXREBA R R AR AR R R BB AR AR AR RS ER RSN H SR NSRS RSSO S
C*
C» PROGRAM 1D~ GRTCIR

(4 3 MET ANALYST~ MAJ ROGER Co WHITON, USAFETAC/DNS, EXT 5412
C*x SYS ANALYST~ MAJ ROGER C. WHITON, USAFETAC/DNS. EXT 5412

Cx PROGRAMMER = MAJ ROGER Co WHITON, USAFETAC/DNS, EXT 5412

c*

C» CREATED ON- 05 FEB8 1979 PROJECT~ 192301

Cx

C* DESCRIPTION~ THIS SUBROUTINE SUBPROGRAM SOLVES THE EQUATION OF

c* THE GREATYT CIRCLE OEFINED BY POINTS *A* ((FRMLAT.

Ce FRMLNG) OR (THETAA,PHIA)) AND *'Be* ((TOLAT,TOLNG)

C* OR (THETAB.PHIB)) AT AN INTERMEDIATE POINT

Cx C(XLAT ¢ XLNG) NR (THETALPHI)) DEPENDING QON THE

Cx VALUE OF TME FLAG ICONVs THE PROGRAM PERFORMS ONE

C* QF THE FOLLOWING FUNCTIONSees

C*

C* ICONVY FUNCTION

Cx

Cs 1 GIVEN INPUT LATITUDE AND LONGITUDE OF POINTS

C# YA' (FRMLAT.FRMLNG) AND 'B* (TOLAT,TOLNG),

Cx CALCULATE SPHERICAL COORDINATES (THETAA,

Cx PHIA) AND (THETAB,PHIB) OF THE POINTS BY

C* INVOKING SUBROUTINE SPHGLO. THEN COMPUTE

Cx THE CROSS PRODUCT VECTOR QT = QA X Q@B OF

Cx YA* AND 'HB,*

C*

C* 2 INITIALIZE THE EXACT SPHERICAL TRIANGLE

Cx METMOD OF OBTAINING FIRST GUESS LONGITUDE,

C* FIRST, DETERMINE THE LONGITUDE XULNGAP OF

Cx THE POINY A~PRIME AT WHICH THE GREAT CIR~

Cx CLE ROUTE CROSSES THE EQUATOR. THEN ES-

C* TABLISH THE INTERIOR ANGLE A-PRIME OGF THE

Cs SPHERICAL TRIANGLE (A=PRIME,C-PRIME+B)e

C* THE SINE UF THAT ANGLE IS SAPRIM,

C»

C* 3 GIVEN INPUT INTERMEDIATE LONGITUDE XLNG,

C*x CALCULATE INTERMEDIATYE PHI, INTERMEDIATE

C» THETA AND INTERMEDIATE LATITUDE XLAT.

Cx

C* 4 GIVEN INPUT INTERMEDIATE PHI, CALCULATE IN-

C» TERMEDIATE THETA AND INTERMEDIATE LATITUDE

Ce XLAT.

C»

C» 5 GIVEN INPUT INTERMEDIATE LATITUDE XLAT,

Cx CALCULATE INTERMEDIATE THETAs INTERMEDIATE

Cx PHI AND INTERMEDIATE LONGITUDE XLNG,

C*

C* 6 GIVEN INPUT INTERMEDIATE THETA, CALCULATE

Cx INTERMEDIATE PHI AND INTERMEDIATE LONGI-

C* TUDE XLNG.

Cx

Cx THIS SUBROUTINE MUSY BE INVOKED ONCE FOR FUNCTION

Ce ICONV 3 1 AND ONCE FOR ICONV = 2 BEFORE BEING

Cc* USED FOR FUNCTION ICONV = 3 THROUGH 6. THUS

C* THERE MUST BE YINITIAL®Y CALLS TO THIS ROUTINE

c* USING ICONV = 1 AND 2 BEFORE CALLS USING

Cc* ICONVY = 3 THROUGH 6.

(4]

[ METHOD =~ TME METHOD USED MERGES FROM THE VECTOR CALCULUS

C* IN A RECTANGULAR (X4Y+s2Z) COORDINATE SYSTEM, QA IS

(o THE POSITION VECTOR DF POINT vA,* WHILE GB IS5 THAT
38
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69
70
71
T2
73
74
75
76
77
78
79
80
81
82
&3
84
85
86
87
ge

90

91

92

93

94

95

96

97

98

99
100
101
102
163
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136

C*
C*
C*
C*
C»
Cx*x
[ ]
Cx
(o}
Cx
Cx*
c*
C*
C*
C*
C*
C*
C*
C*
C*
Cx
Cs
Cx*
Cx
C*
C*
C*
C=
C#
Cx
Cx
C*
C»
Cx
Cx
C»
C#
C*
C*
Cx
Cx
Cx
Cx

C
C»

C#
Cs
C#
C*
Cs
Cx
C*
Cx
C*
Cw
C#
Ca
C*
C
C*
Cs
C#
C»
C*
C*
Ce
(4]
C#

T S SR

LIMITATIONS=-

OF POINT *Be' THE POSITION VECTOR OF THE INTER-
MEDIATE POINT IS Qe THE PLANE OF THE GREAT CIRCLE
IS DEFINED BY THE CROSS PRODUCT QT = QA X QB,

WHICH IS DIRECTED NORMAL TO THE PLANE. THE EQUA-
TION OF THE GREAT CIRCLE IS DEFINED BY THE RELATION,

Q . (GA X QBY = O

WHERE THE PERIOD INDICATES A POT PRODUCT. THIS IS

EQUIVALENT TO SAYING THAT THE COMPONENT OF g IN THE
QT~-DIRECTION IS ZERO. EXPANSION OF THIS PRODUCT IN
RECTANGULAR COORDINATES LEADS TO THE RELATION,

QTX®SIN(THETA)*COS(PHI) + OTYSSIN(THETA)SSIN(PHI)
+ QTZ*COS(THETA) = ©

WHERE QTX, QTY AND QTZ ARE THE X+ Y AND Z-COMPONENTS
OF THE CROSS PRODUCT GT, DIVIDED BY R%%2, THE

SQUARE OF THE RADIUS OF THE EARTHe. SOLVING THIS
EQUATION FOR THETAs THE COLATITUDE. LEADS TO A
DIRECTLY SOLVABLLC EQUATION,

THETA = ATAN(=QTZ/(OTX*COS(PHI) + QTYSSIN(PHI))

ON THE OTHER HAND, SOLVING FOR PHI LEADS TO A
TRANSCENDENTAL EQUATION OF THE FORM,

QTX*COS(PHI) + QTysSIN(PHI) + QT2/TAN(THETA) = 0

THIS LATTER EQUATION IS SOLVED BY NFWTON'S ITERA-
TIVE TECHNIOUE FOR NON-LINEAR EQUATIONS. THE
CRITICAL FIRST GUESS FOR PHI IS PROVIDED RBY ONE
OF THREE METHODS. DEPENDING ON USER CESIRES AND
WHETHER THE POINT A-PRIM HAS ALREADY BEEN ESTAB-
LISHED, ANY ONE OF THE THREE FIRST GUESS METHODS
CAN BE USEDe THE METHODS AREee.

(1) USER-SPECIFIED FIRST GUESS
(2) APPROXIMATELY PLANAR TRIANGLE
(3) EXACT SPHERICAL TRIANGLE.

NORMALLY THE THIRD METHOD IS USED, BUT METHOD (2)
MUST BE USED AT LEAST ONCE TO BREAK GROUND FOR

(3)e METHOD (2) IS ONLY APPROXIMATE AND LOSES
ACCURACY THE LONGER THE DIS~

TANCE BETWEEN ‘*A*' AND 'B. THIS CAN BE A MAJDR
LIMITING FACTOR, BECAUSE NEwWTON'S TECHNIQUE REQUIRES
A REASQNABLY CLOSE FIRST GUESS FOR PHI.

te THE APPROXIMATELY PLANAR TRIANGLE

METHOD USED AS FIRST GUESS FOR NEWTON'S ITERATIVE
TECHNIQUE APPFARS TO BREAK DOWN WHEN ABSOLUTE VAL~
OF THE DELTA-LONGITUDE OR DELTA~-LATITUDE BETWEEN
POINTS 'A' AND 'B' EXCEEDS APOUT 40-50 DEGREES, PAR-
TICULARLY WHEN THE TWO POINTS ARE IN DIFFERENT QUAD-
RANTS QF THE GLOBEe UNDER THESE CIRCUMSTANCES. NEW-
TON'S METHOD CONVERGES TO A FALSE ROOT OR FAILS To
CONVERGE ENTIRELY, AND IT BECOMES IMPOSSIBLE TO
SOLVE THE EQUATION OF A GREAT CIRCLE FOR THE AZIMUTH
ANGLE PHI. POINTS *A' AND *B' ALONG THE GREAY
CIRCLE MUST THUS BE KEPT REASONABLY CLOSE TOGETHER.
IF POINT '8' IS TOO FAR REMOVED FROM 'A,' THEN USE
THIS SUBROUTINE DETERMINISTICALLY (ICONV = 1 AND 2
FOLLOWED BY ICONV =2 3 OR 4) TO CALCULATE THETA
(XLAT) FOR AN INTERMEDIATE PHI (XLNG) NOT MOURE THAN
30 DEGREES FROM PHIAe THEN USE THAT POINT AS THE

39
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' 137 (4] NEW POINT B IN ALL FURTHER GREAT CIRCLE COMPUTA-
: 138 C* TIONSe THIS CAN BE DONE BECAUSE THE *INTERMEDIATE® !
139 Cw POINT NEED NOT BE BOUNDED BY *A' AND *B.°? 1
140 C»
) 141 Cs 2¢ IN THE CASE OF A GREAT CIRCLE THAT IS ALSO
} 182 C* A LONGITUDE CIRCLE, THE IMPLICIT FUNCTION b
143 C* F(THETA+PHI) = 0.0 DOES NOT RETURN A UNIQUE
! 144 C* SOLUTION IN THETA FOR A SPECIFIED PHI. IF THE
145 C* GREAT CIRCLE IS ALONG A LONGITUDE, ANY VALUE
1406 C* OF THETA 1S5 A SOLUTION TO THE FUNCTION., THIS
147 C* SUBROUTINE CARNNCT BE USED TO CALCULATE THETA
; 148 Cx FROM PHI IF FRMLNG = TOLNGe AN ERROR MESSAGE
149 C* IS DISPLAYED ON SYSOUT AND ERROR FLAG ICONV=12
‘ 150 Cx* 1S SET IF THIS 1S ATTEMPTED.
4 151 C*
} 152 C* INPUT- FRMLAT = LATITUDE OF POINY *A* (ORIGIN) IN DEG
! 153 Cs
i 154 C* FRMLNG = LONGITUDE OF POINT *A* (ORIGIN) IN DEG
2 155 Ce
: 156 C* TOLAT = LATITUDE OF PODINT 'B* (DESTINATION) IN DEG
157 C*
158 Cs TOLNG = LONGITUOE OF POINT 'B*' (DESTINATION) IN DEG
159 C
1 160 C* THETAA = COLATITUDE ANGLE IN RADIANS OF POINT 'A,:*
{ 161 C* 0«0 TO Pl RADIANS SOUTHWARD FROM NORTH,
: 162 Cx POSITIVE
163 C*
164 C* PHIA = AZIMUTH ANGLE IN RADJANS COUNTERCLOCKWISE
165 Cx FROM GREENWICH LOOKING DOWNWARD AT THE
166 C* NORTH POLEs PLUS OR MINUS 040 TN PI RADIAN
167 C* (NEGATIVE MEANS CLOCKWISE)
168 C*
169 C» THETAB = COLATITUDE IN RADIANS OF POINT *8°¢
170 C*
171 C*x PHIB = AZIMUTH IN RADIANS OF POINT B
172 Cx
173 C* IGUESS = FLAG CONTROLLING WHETHER FIRST GUESS IS
174 Cx SPECIFIED FOR LONGITUDE IN VARIABLE
175 Cx XLNGGe IF IGUESS = 1+ XLNGG IS INTER~
176 Cx PRETED AS FIRST GUESS LONGITUDE. 1F
177 C* IGUESS = 0+ XLNGG IS IGNORED ON INPUT
178 C* BUT IS FILLED wITH THE PROGRAM-GENERATED
179 Cx FIRST G.USS VALUE ON OUTPUT,
180 C*
181 C* XEAST = EASTWARD DIRECTION INDICATOR, POSITIVE
182 Cx FOR AIRCRAFT MOTION TOWARD THE EAST.
183 C»
184 Cx XNDRTH = NORTHWARD DIRECTION INDICATYOR, POSITIVE
185 Cx FOR AIRCRAFT MOTION TOWARD THE NORTH.
186 Cx
187 Cx XLATC = LATITUDE OF CURRENT-POINT, IeEes THE
188 Cx POINT FROM WHICH THE PROGRAM IS MARCHING
189 C* IN OBTAINING XLAT, THE LATITUDE OF THE
190 C» SO CALLED NEXT=-POINT,
191 C*
192 C* INPUT &
193 Cw OUTPUT = ICONV = FLAG CONTROLLING FUNCTION TO BE PERFORMED
194 Cx BY THIS SUBROUTINE, SEE TABLE IN *METHOOD®*
195 C» ABOVF WHEN RETURNED AS QUTFUT, ICONV = 1
, 196 C* THROUGH 6 FOR NORMAL TERMINATION OR A NUM~-
197 Cx BER GREATER THAN OR EFQUAL TG 10 FOR ABNOR~-
198 C* MAL TERMINATION. ABNORMAL TERMINATION
199 C* CODES FUR ICONV AREeens
200 C»
c01 C* 10~ ERRONECUS ICONV SPECIFIED
202 C*» 11= NEWTON'S ITERAT]IVE TECHNTQUI FOR
203 Ce SOLUTION NF NON=-LINEAR EQUATIONS
204 (o DID NOT CONVERGE IN NMAX JTHERA=
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205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221

222
223
224
225
226
227
228
22¢%
230
231

232
233
¢34
235
236
237
238
239
P
241

242
243
244
e85
c46
2647
248
249
250
251

252
253
54
255
256
257
258
259
e60
261

262

263
264
65
266
267
268
269
270
271

272

Cx TIONS

C* 12=- ATTEMPT WAS MADE TQ CALCULATE

Cs THETA FROM PHI FOR A FLIGHT

Cx ALONG A LONGITUDE CIRCLE

C»

Cx XLAT = LATITUDE OF INTERMEDIATE POINT IN DEG

Cx

(4] XLNG = LONGITUDE OF INTERMEDIATE POINT IN DEG

C*

cx aTX = X=-COMPONENT OF CROSS PROOUCT QT DIVIDED 8Y
Cc* R*%¥2, COMPUTED IN FUNCTION ICONV = 1 AND
C* REUSED IN SUBSEQUENT CALLS

Ca» .

C» avy =z Y=-COMPONENT OF ABOVE

C*

C» QTZ = Z=-COMPONENT OF ABOVE

Cx

C* XLNGG = FIRST GUESS LONGITUDE FOR ICONV = &

C* OR Se IF VALUE IS NOT SPECIFIED AS

C» INPUT, THE PROGRAM-GENERATFD FIRST

(& GUESS WILL BE PROVIDED AS QUTPUT

Cx

C*

Ccx* XLNGAP = LONGITUDE IN DEGREES OF THE POINT A~PRIME
Cx* AT WHICH THE GREAYT CIRCLE CROSSES THE

C* EQUATOR

C*

Cx SAPRIM = SINE OF INTERIOR ANGLE A-PRIME OF THE

(o EXACT SPHERICAL TRIANGLE

Cc*

C* THETA = COLATITUDE OF INTERMEDIATE POINT IN RADIANS
[

C» PHI = AZIMUTH OF INTERMEDJIATE POINT IN RADIANS
C*

C*x NOTE= ALL SOUTH LATITUDES AND EAST LONGITUDES ARE
Cx REPRESENTED AS NEGATIVE NUMBERS.

C*

Cs SYSTEM SUB=-

cs PROGRAMS

s USED~ SINy, ARSIN. CUOS, ARCOS:s TAN, ATAN, FXEM
Cs

C* USEKR SuB-

Cx PROGRAMS

C* USED~ SPHGLO, HODG

C»

C* ESTIMATED

[ CPU TIME~- TO BE SUPPLIED.
C»

Ce STORAGE

C* REQUIREMENTS~ PROCEDURE PLUS DATA OCCUPY 1042 WORDS OF STORAGE.
C*

C* PROGRAM

Cc* UPDATES~- NONE
Cx
CER R R R RERERE RN A RN AR RN R SRR E R RS R R AR SRS A R R R AR R RS LS AR AR R E R O N
C
C EPSILON IS THE CRITERION FOR CONVERGENCE OF NEWTON'S ITERATIVE
C TECHNIQUE AND HAS UNITS OF RANIANS, P1 IS THE GEOMETRIC Pl
C NMAX IS THE MAXIMUM NUMBER OF ITERATIONS PERMITTED FOR THE NEw-
C TON TECHNIQUE. NTRIFG IS A FLAG INDICATING WHETHER THE
C DIRECTION (TRIDIR) OF THE SPHERICAL TRIANGLE IN FIRST
C GUESS METHOD %3 HAS BEEN REVERSED DUE TO AN EQUATOR
C CROSSINGs NORMALLY 2EROs NTRIFG = 1 INDICATES A REVERSAL.
C
(4 COMMON /DBG/ NDEBUG

DIMENSION APRMD(2), XLNGGG(2)s PHIGG(2)

DATA EPS/00001/,y PI/3+.16415927/%s NYRIFG/0/4s NMAX/T/
C
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273 C BRANCH TO APPROPRIATE SECTION OF THE SUBROJOUTINE BASED ON THE FUNC-
274 C TION REQUESTED vIA THE ICONV FLAGe THE ERROR CONDITION ICONV=}O
2715 C IS RETURNED FOR ILLEGAL ICONV VALUES. IF FLIGHT IS ALONG
276 C A LONGITUDE CIRCLE AND ICONV REQUESTS CALCULATION OF THETA, )
277 C AN ERROR CONDITION ICONV=12 IS SET AND AN ERROR MESSAGE IS {
278 C OISPLAYED ON SYSOUTe ICONVS IS A SAVED VALUE OF THE ORIGINAL t
279 [4 ICONV,
280 C .
281 ICONVS = ICONV ]
282 IF (ICONV «GEs 1 oANDe ICONV +LEs 5) GG YO 50 4
283 ICONV = 10 E
[ 284 GO TO 1000
1 285 SO IF (ICONV JNEe 2 oANDe ICONV oNEe. 3) GO YO 60
3 286 IF (ABS(FRMLNG = TOLNG) «GT. 0.0001) GO TO 60
l 287 ICONY = 12
288 GO 710 1020
i 289 60 GO YO (100, 200, 300, 400, S500, 600)es ICONV
290 C
} 291 c
' 292 C KRR REEE PSR R KBS R RN U R R KRB R kS
293 C * PART 1 ®
294 C * FUNCTION ICONV = 1 *
i 295 C * CROSS PRODUCT COMPUTATION *
H 296 C ER KRR RE AR B R R TR RN R RN
| 297 c '3
i 298 C CONVERT (LATLLNG) OF *A' AND 'R*' TO (THETAA,PHIA) AND (THETAB,
299 < PHIBI).
300 C
301 100 ICONVX =1
302 CALL SPHGLD (ICONVX, FRMLAT, FRMLNGs THETAA, PHIA)
303 CALL SPHGLDO (ICONVX, TOLAT, TOLNGs THETABR, PHIB)
304 C
305 C PRELIMINARIES FOR COMPONENTS OF POSITION VFCTORS QA AND @B,
306 C
307 SINTAA = SIN(THETAA)
308 COSTHA = COS(THETAA) |
309 SINPHA = SIN(PHIA ) '
310 COSPHA = COS(PHIA )
ESRY SINTHB = SIN(THETAB)
312 CO0STHB = COS(THETAB)
313 SINPHB = SIN(PHIR )
Jle COSPHEB = COS(PHIEB ]
215 C i
316 C RECTANGULAR COMPUNENTS OF POSITION VECTORS QA AND QP, DIVIDED {4
317 C BY THE RADIUS QOF THE EARTH R.
318 C 3
319 GAX = SINTHA * (0SPHA
32c¢ GAY = SINTHA * SINPHA
321 QAZ = COSTHA !
322 gBX = SINTHR » COSPHB
323 QBY = SINTHB * SINPHB
324 QBZ = COSTHB L
325 C
326 C COMPUTE COMPONEMTS OF THE CROSS PRODUCT VECTOR QT = QA X QB,
327 C DIVIDED BY THE RADIUS oF THF t£ARTH SQUARED, R*x2,
328 C
329 QT X = QAY = QBZ - QAZ * QB8Y
330 QTY = QAZ * 2BX - QAX * Q87
331 QT2 = CAX * QBY - QAY * QBX
332 4 .
! 333 C INITIALIZE TRIANGLE FLAG, USED TO REVERSE THE DIRECTION t
334 C TRIDIR OF THE SPHERICAL TRIANGLE IN THE FIRST GUESS PRO- 5
335 C CEDURE WHENEVER THE ROUTE CROSSES THE EQUATOR. 3
336 C
air NTRIFG = 0O E
338 C
339 C END OF FUNCTION ICONV = 1le RETURN 7O MAIN PROGRAM.
340 C
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,
t 3a1 RETURN
342 [«
343 C
344 [ EERREKEYREEEE R AR R R R B A SRR RBESRERE R LR
345 [ ® PART 11 *
346 [« * FUNCTION ICONV = 2 *
367 C * EQ CROSSING PT § ANGLE *
348 C 2SR BE RN ER AR R E R R AR R QR kR %
349 C
350 C DETERMINE wHETHER POINT 'A®' OR POINT *Bs IS TO SERVE AS POINT
st 4 'Ee' WHICHEVER IS CLOSEST TO THE EQUATOR WILL SERVE AS ‘E.*
352 C THE OTHER wILL SERVE AS 'F.' NSIGN I§ A FLAG INDICATING THE
353 C ROUTE INVOLVES AN EQUATOR CROSSINGe NORMALLY 1, NSIGN TAKES
354 C ON THE VALUE 2 FOR RQUTES CROSSING THE EQUATOR. NCASE IS
355 [« A FLAG THAT HAS THE VALUE 12 #HEN POINT 'A* SERVES AS POINT
356 [« '*Er AND THE VALUE 34 WHEN POINT *B* SERVES AS POINT ‘'E.°
é 3s7 4
: 358 200 NSIGN = 1
359 IF (FRMLAT «LTe OeO ¢ANDs TOLAT oGTe 0+0) NSIGN = 2
360 IF (FRMLAT oGTe Oe0O o¢ANDe TOLAT oLTe. 0.0) NSIGN = 2
361 XLATE = FRMLAT
i 362 XLNGE = FRMLNG
\ 363 PHIE =  PHIA
' 364 XLATF =  TOLAT
365 XLNGF = TOLNG
166 PHIF = PHISB
: 367 NCASE = 12
368 IF ( ABS(XLATE) «LTe ABS(XLATF) ) GO TQ 205
369 XLATE = TOLAT
370 XLNGE = TOLNG
371 PHIE = PHIB
372 XLATF = FRMLAT
373 XLNGF = FRMLNG
374 PHIF =  PHIA
375 NCASE = 34
376 205 CONTINUE
377 c IF (NDEBUG +GT. 1) WRITE (6,6000) NSIGN, NCASE
376 C6000 FORMAT (1H , T4, 'NSIGN,NCASE = ', T36, 2110)
379 C
380 C ESTABLISH INITIAL HEADING OF AIRCRAFT AT POINT 'E' ON THE GREAY
381 C CIRCLEe. CONVERT HEADING AT '€* IN DEGREES TO ANGLE ‘*E* IN
382 C RADIANS. TAKE ITS TANGENT TANE FOR LATER USE IN THE FIRST
is3 C GUESS PROCEDURE #2.
386 C
385 HDGE = HDG (XLATEs XLNGEs XLATFos XLNGF)
386 IF (HDGE +GE, 270.0) GO TQ 212
387 IF (HDGE .GE., 180.0) GO YO 214
388 IF (HDGE +GEs 90.0) GO TO 216
389 GO 10 218
390 212 £ = HDGE = 270.0
391 GO TO 220
392 214 E = 270.0 = HDGE
393 G0 1O 220 i
394 216 E = HDGE - 90,40
395 GD 10 220
39¢ 218 E 3 90.0 ~ HDGF
397 60 TO 220
398 220 TANE = TAN (E * (P1/180.0))
X 399 C IF (NDEBUG +GT. 1) WRITE (6,6010) HDGE, E
400 C6010 FORMAT (1H o T4, °'HEADING AT POINY E = *, T36s F10s0,
a0} C * DEG'/1Xes T84, T4, 'ANGLE E = *» T36s F10e4s ' DEG")
402 C
403 C SET LATITUDE TO ZERO AND DETERMINE LONGITUDF WHERE GREAT CIRCLE
404 C CROSSES EQUATQORe THIS IS POINT A=-PRIME., WHOSE LONGITUDE IS
405 c XLNGAP IN DEGREES.
406 C
407 XLAT = 0.0
408 GO TO 500
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XLNGAP = XLNG

IF (NDEBUG «GTe 1) WRITE (6,6020) XLNGAP

FORMAT (1M , T4, *LONGITUDE OF EQUATOR CROSSING = *, T36s F10e4,
' DEG')

IF LONGITUDE XLNGAP OF EQUATOR CROSSING POINT *A-PRIME®' IS
WEST OF LONGITUDE QF POINT tA* (FRMLNG)s THE SPHERICAL
TRIANGLE OPENS EASTWARD (TRIDIR = =-1,0)e OTHERWISE, IT
OPENS WESTWARD (TRIDIR = 1.0).

XLGAPP = XLNGAP

FRMINN = FRMLNG

IF (XLGAPP oLTe =90¢0) XLGAPP = XLGAPP ¢ 36040
IF (FRMLNN oLT, =90¢0) FRMLNN = FRMLNN ¢ 36040
IF (FRMLNN <« XLGAPP ) 240.+,245,245

TRIDIR = =140

GO TO 250

TRIDIR = 1.0

CONTINUVE

IF (NDEBUG «GTe 1) WRITE (6,6030) TRIDIR
FORMAT (1M , T&, °'TRIDIR = 'y T36, F10e4)

ESTABLISH INITIAL HEADING OF THE AIRCRAFT AT POINT A~PRIME ON
CIRCLEs CONVERT HEADING AT A-PRIME TO ANGLE A=-PRIME., CONVERT
ANGLE A-PRIME TO RADIANS AND TAKE ITS SINE FOR LATER USE IN
FIRST GUESS PROCEDURE ®3.

HDGAP = HDG (XLAT, XLNGAP, TOLAT, TOLNG)
IF (HDGAP +GEe 27040) GD TO 270
IF (HDGAP .GEs 180.0) GO TO 275
IF (HDGAP +GEes 9040) GO TO 282

GO TQ 285
APRIMD = HDGAP = 27040
G0 TO 290
APRIMD = 2700 ~ HDGAP
GG 1O 290
APRIMD = HDGAP - 90.0
G0 7O 290
APRIMD = Q0.0 - HDGAP

GO TO 290

SAPRIM = SIN (APRIMD * (PI1/180,0))

IF (NDEBUG «GT. 1) WRITE (6,6030) APRIMD

FORMAT (1H , T4, ‘*APRIMD = ¢, 736, Fl10.4, ' DEG')
END OF FUNCTION ICONV = 2. RETURN TO MAIN PROGRAM.

RETURN

LR AR S R R P R S R R R A SR A R R )

* PAKT II11I *
* FUNCTION ICONV & 3 *
* XLNG TO XLAT *

AR RRER R R AR R AR SRR R KR AR R E R
CONVERT INTERMEDIATE _LONGITUDE XLNG TO INTERMEDIATE PHI.
ICONVX = 1

CALL SPHGLO (ICONVX, 040s¢ XLNG, THETAX, PHI)

EEXKEE R RN RE R R LR ARG RE X RN KA k¥

* ~ARY 1V *
* FUNCTION ICONV = & L
* PHI TO XLATY *

REREE B AR R R E SRR E R AR AR R R R AR RN KL X EN G

CALCULATE THETA FROM PHI,

s A
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400

410

500

600

605

THETA = ATAN(=QTZ 7/ (QTX * CUSC(PHI) + QTY % SIN(PHI) ) )
IF (THETA) 410,900,900

THETA = THETA + PI

GO TO 900

LR 2233222 R R 2R RS2 S22 2222 2 2

* PART V *
* FUNCTION ICONV = § *
* XLAT TO XLNG *

REREERREE KA R ERRE R AR R AR R AR R R R Rk R R kK

SAVE AZIMUTH ANGLE OF THE CURRENT POINT IN PHIC FOR LATER USE IN
CHECKING FOR MONOTONIC PROGRESS IN LONGITUDE.

PHIC = PHI
CONVERT INTERMEDIATE LATITUDE XLAY TO INTERMEDIATE THETA.
ICONVX = 1

CALL SPHGLO (ICONVXs XLATs 0OeOs THETA,» PHIX)

ek Rk kAR Rk Rk ko kk ok kKK

* PART VI *
* FUNCTINN ICONV = 6 *
* THETA TO XLNG *

LS RS Y2 SRR RSS2SR SR 2SS0 SRS 22 2 8

CALCULATE PHI FROM THETA (NEWTON'S ITERATIVE TECHNIQUE WITH AN
APPROPRIATE FIRST GUESS).

THREE METHODS CAN BE USED AS A FIRST GUESS FOR THE AZIMUTH
ANGLE PHI. THE FIRST AND LEAST SOPHISTICATED METHQOD IS
FOR THE USER TO SPECIFY A FIRSY GUESS BY SETTING INPUT
IGUESS = 1 AND BY INSERTING A FIRST GUESS LONGITUDE IN
XLNGG IN HIS CALL TO THE GRTCIR SUBROUTINE, THIS METHOD
IS IMPLEMENTED IN S ATEMENTS 605-609.

THE SECOND FIRST GUESS METHOD IS THAT OF APPROXIMATELY
PLANAR TRIANGLESe THIS METHOD HAS IMPORTANT LIMI-

TATIONS ON ITS RELIABILITY AND SO IS USED ONLY TO FIND THE
EQUATORIAL LONGITUDE OF THE GREAT CIRCLE (FUNCTION ICONV =
2)e THE APPROXIMATELY PLANAR TRIANGLE METHOD

IS IMPLEMENTED IN STATEMENTS 610-624.

THE THIRD AND MOST SQPHISTICAT®" FIRST GUESS METHQOD IS THAT
OF EXACY SPHERICAL TRIANGLES. SIS METHQD REQUIRES

KNOWLEDGE OF THE EQUATORIAL C ING POINT AND ANGLE.
THE EXACT SPHERICAL TRIANGLE .T GUESAS METHQOD IS
IMPLEMENTED IN STATEMENTS 625-700.

625=-700

IF ¢IGUESS +.EQe. 1) GO YO 605
IF (ICONV «EQs 2) GO TO 610
G0 TO 625

*22%2F [RST GUESS METHOD tlsserx

SPECIFIED FIRST GUESSe STATEMENTS 605-609.

ICONVX = 1
DUMLAT = 0.0
DUMTHE = 0.0

CALL SPHGLO (ICONVX, DUMLAT, XLNGGs DUMTHE. PHIG)
PHIN = PHIG

=~
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624

625

6070

620

6080

ICONVX = 2
CALL SPHGLOD (ICONVXes DUMLAT, XLNGGs DUMTHE, PHIG)
GO TO 750

**xs%%FIRST GUESS METHOD #2%%%xxx%

APPROXIMATELY PLANAR TRIANGLE FIRST GUESS. STATE~
MENTS 610-624.

IF (NSIGN EQe 1) GO TO 612
IF (NSIGN .EqQs 2) GO TO 616

PHIN = PHIE + ABS( XLATE * (PI/180.0) * TANE )
PHIG = PHIN

GO TO 620

PHIN = PKNIE + ABS( XLATE * (PI/180.0) 7/ TANE )
PHIG = PHIN

GO TJ 620

ICONVX = 2

CALL SPHGLO (ICONVX, DUMLAT, XLNGGs DUMTHE. PHIG)
IF (NDEBUG +6GT. 1) WRITE (6,6050) PHIE, XLATE, PHIN

FORMAT (1H + T4, '"PHIEWXLATEWPHIN = *y T36e 3F10.4%,
' RADDEG.RAD')

IF (NDEBUG «GT. 1) WRITE (6,6050) XLNGG.s PHIG

FORMAT (1M » T4 *FIRST GUESS LONGITUDE & AZIMUTH
T36+ 2F10.4, * DEG.RAD'")

GO TO 750

**xx%2F[RST GUESS MuTHOOD #3%x%x%x
EXACT SPHERICAL TRIANGLE FIRST GUESS. STATEMENTS 625-700.

LATITUDE XLAT OF THE INTERMEDIATE POINT GIVES THE ANGULAR
DISTANCE DE-PRIME IN RADIANS.

DEPRIM = XLAT * (PI/180.0)
IF (NDEBUG «4GTe 1) WRITE (6.6070"' OEPRIM
FORVAY (1M o+ T4, °*DEPRIM = ', T36s F1G0e4s * RAD')

LAW OF SINES FOR SPHERICAL TRIANGLES GIVES SOLUTION FOR ANGULAR
DISTANCE APRMD(1) AND APRMD(2) IN RADIANS. APRMOD(2) IS
(1B0+0=-APRMD (1)) AND HAS THE SAME SINE AS APRMD(1). THIS PRO-
CEDURE 1S NECESSARY BECAUSE THE ARC SINE FUNCTION RETURNS
ONLY THE PRINCIPAL ANGLE.

SRATIO = SINI(DEPRIM) / SAPRIM

IF THE ABSOLUTE VALUE OF SRATI. EXCEEDS THE LEGAL RANGE. THEN
THE SOLUTION IN LONGITUDE IS INDETERMINATE FOR A GIVEN LATI-
TUDE. IN SuCH A CASE, THE METHOD MAY BE SAID TO HAVE FAILED
TO CONVERGE, AND ERROR (ICONV = 11) IS ASSIGNED,

IF ( ABS(SRATID) +LEe 1s.0) G0 TO 626

ICONVY = 11

GO 10 1010

APRMD (1) = ARSIN ( SRATIO )

APRMO(2) = Pl « APRMD(1)

IF (nDEAUG GTWe 1) WRITE (6,60~0) APRMC(1), APRMD(2)

FIRMAT (1M , Ta, *APRMD(1),APRMD(2) = *, T36, 2F10.4, * RAD'")

INVITRSE OF FIRMULA FOR GREAY CIRCLE DISTANCE (SEF SUBROUTINE
'OISTAN') GIVES FIRST GUESSES XLNGGG(ID), I = 1,2+ FOR LATITUDE
OF INTERMFDIATE POINT IN DFGRFES. ThE FACT THAT THERL ARE
Tan XLNGGG VALUES FMERGES FRO4 THE FACT THAT THERE ARE TwO
APRMD VALUESS SIGN MULTIPLIER TRIDIR (=-1.0 DR 1.0} CAUSES
ADDITION OF LONGITUDE ELEMENT FOR THE CASE WHFRE PUINT
*A-PRIME® IS EAST DF PCINT 'A* (SPHERICAL TYRIANGLE 0OF° NS

46




‘ t
;
? 613 C WwESTWARD)e OTHERWISE, LONGITUDE ELEMENT 1S SUBTRACTED.
i 614 c
{ 61% C SPECIAL CODE IS NEEDED FOR THE CASE OF AN EQUATOR CROSSING.
2 616 C THE CODE IMMEDIATELY FOLLOWING AND EXTENDING THROUGH STATE-
% 617 C MENT 629 ACTS TO REVERSE THE JLIRECYION OF THF SPHERICAL
! 618 C TRIANGLE AT THE POINT WwHNERE AN AIRCRAFT PATH CROSSES THE
! 619 C EQUATOR SOUTHWARD FROM THE NORTHERN HEMISPHERE OR NORTHWARD
620 C FROM THE SOUTHERN HEMISPHERE. ONLY IF NSIGN EQUALS 2 wILL
’ 621 C AN EQUATOR CROSSING OCCUR. AN FQUATOR CROSSING 1S DECLARED
| 622 C WHEN THE CURRENT POINT XLATC 1S Oe0 AND THE NEXT-POINT IS
N 623 C NEGATIVE (FOR A SODUTHWARD CROSSING) OR PPSITIVF (FOR A
! 624 C NORTHWARD CROSSING). WHETHER A FLIGHT IS PROCFEDING NORTH-
0 625 C WARD OR SOUTHWARD IS INDICATED BY THE XNCRTH FLAG,
: 626 d
1 627 IF (NTRIFG .EQe 1) GO TO 629
H 6286 IF (NSIGN +EQe 1) GO TO 629
i 629 IF (XNORTH) 627,628,628
N 630 627 IF (XLATC +NEs 00) GO TO 629
: 631 IF (XLAT «GEs 0e0) GO TOD 629
032 TRIDIR = ~TRIDIR
633 NTRIFG = 1
634 GO TO 629
035 628 IF (XLATC .NEe 040) GO TO 629
036 IF (XLAT oLEe 040) GO TC 629
637 TRIDIR = ~TRIDIR
c3s NTRIFG = 1}
039 629 CONTINUE
640 C IF (NDEBUG «GT. 1) WRITE (6,6090) TRIDIR
Lal CH6090 FORMAT (1M 4 T4, *TRIDIR = ¢, T36y F10.4)
&2 C
643 D0 640 I = 1,2
v44 630 XLNGGG(I) = XLNGAP + TRIDIR ¥ ( (180,0/P1) ¢
045 & ARCOS ( CNS(APRMD(I)) , COS( XLAT » (PI/1B0.0) ) ) )
v46 C
547 C ADJUST COMPUTED LONGITUDE XULNGS FOR DATELINE FOLD.
bak C
b4y IF (XLNGGG(I) «GTe 180.0) GD TO 632
55C IF (XLNGGG(I) «LTe =1B0.0) GO TO 634
651 GO TO 636
65¢ 632 XLNGGG(1) = XLNGGG(I) - 3060.0
053 60 TO 636
654 634 XLNGGG(I) = XLNGGG(I) + 36040
ob5 GO TO 636
©56 C
657 C CONVERT LONGITUDES XULNGGG(Il) IN DEGREES YU AZIMUTHS PHIGG(I) IN
o548 C RADIANS.
699 C
660 036 JICONVX = 1
661 CALL SPHGLO (ICONVX, DUMLAT, XLNGGG(I), DUMTKE, PHIGG(I))
06?7 C IF (NDERUG +GTe 1) WRITE (6,6100) XLNGGG(I)
Lol C6100 FORMAT (tH 4 Ta, *XLNGGG(I) = ', T36s F10e4, * DEG')
1.2 640 CONTINUE
bot, <
o060 C INITIALLYs SHICHEVER LONGITUDE XLNGGG(I) HAS AN ASSOCIATED
ve? C AZIMUTH PHIGG(TI) ABSOLUTELY CLOSER TO PHRIC., THE AZIMUTH
ooH C ANGLE OF THE CURRENT POINT, 15 SELECTED AS THE FIRST GUESS
069 C LONGITUDE XLNGG IN DEGREES WITH CORRFSPONDING AZIMUTH PHIG
670 C (POINTER 1S SAVED IN IGOO0OD). IF XEASY IS GREATER THAN
671 C ZERD (LESS THAN ZERO)s PHl, MJUST BE GREATER THAN (LESS
o672 C THAN) PHIC,. IF THIS IS NOT THE CASE, THE ALTERNATE LONGI-
673 C TUDE SOLUTION IS USED AS FIRST GUESS (POINTERS IGOOD AND
674 C IBAD ARE SWAPPFD).
o775 C
670 C IF (NDEBUG «GTe 1) WRITE (6,6110) PHIGG, P#ICs XEAST
67?7 Co110 FORMAT (1M o Ta, *PHIG(1)=AND=(2),PHIC,XEAST = ', T36, 4F10.8)
78 1600w = 1
o79 IBAD = 2

680 1F ( (ABS(PHIGG(IBAD) = PMIC)) +GTes (ABSI(PHIGG(IGOOD) - PHIC)) )




Autaian/ioesorolad AR Rt inirea o)

a w8l Py GO0 TO 645
: 682 ITEMP = 1GODD
P o83 16000 = IBAD
i o4 ISAD = [TEMP
: 685 645 IF (PHIGG(IGODOD) = PHIC) 650,652,+652
! 686 650 IF (XEAST) 660,654,654
; 067 652 IF (XEAST) 654,6544660
2 ot8 654 ITEMP = 16G0OD
| 089 1GG0D = IBAD
L e9u IBAD = ITEMP
i 091 660 CONTINUE
. 92 C IF (NDEBUG +GTa 1) WRITE (6.6120) XLNGGG(IGOOD), PHIGG(IGOOD),
' 693 C XLNGGG(IBAD), PHIGG(IBAD)
i 694 C6120 FORMAT (i1H , T4, *XLNGGG,PHIGG FOR IGOOD = ', T36, 2F10.4/1X,
. 095 C Ta, 'XLNGGG,PHIGG FOR IBAD = %, T36, 2F10.4)
i 096 C
; 097 C SEYT FIRST GUESS LONGITUDE AND PHI,
598 C
! 099 XLNSG = XLNGGG(1GOOD)
. 7¢C PHIG = PHIGG (1600D)
\ 701 C
! 702 < STORE PHIG IN PHIN,
! 703 <
704 690 PHIN = PHIG
7uS 700 6o ToQ 750 .
TL6 C '
707 C
7086 C $eadaNEWTON'S ITERATIVE TECHNIQUESS®*%
709 C
710 < IMPPUVE 8Y NEWTON'S METHOD. !
711 C 3
712 N INITIALIZE ITERATION COUNT AND DENOMINATORS "
711 C :
714 750 N = O
710 NP1l = N + 1
T1E TANTHE = TAN(THETA)
T1? «
718 C FUNCTION,
719 < i
720 779 FPhI = OTX * COS(PHIN)Y + QTY #® SIN(PHIN)Y + QT2 7 TANTHE 4
Tl <
Teo C FIRST DERIVATIVE OF FUNCTION, n
7.3 < 3
124 FPPHL = -QTx % SIN(PHINY + GTY % COS(PHIN)
Ten C .
70t < IMPRIVED PHI, .
re < ﬂ
row PRINPL = PHIN = (FPHI / FPPHI) 1
r2e N ¥
T30 ¢ TEST FOR CONVERGENCE. STOP WITH ERKROR CGNWDITION ICONV = 11 IF
731 C METHOD FAILS TO CONVERGE IN N4AX ITERATIONS, “
73, ¢ '
733 DELPHI = AUS(PHINPL - PHIN) N
734 IF (DELPHI - EPS) 850,850,800 P
73¢ 800 PHIN = PHINPI ;
73¢ N = N+ | i
737 NPl = N + 1 :
738 IF (N oLTe NMAX) GO TO 775
739 ICONV = 11
740 GO TO 1010
T4 B850 PHI = PHINPI
767 C ‘
o8 ‘
|-
5




i
5
) 743 C
; 744 C (333232222 ES YRR RS2 282 2
; 745 C * PAKT VII *
t 746 c * ALL FUNCTIUNS *
! 747 c *  CONVERT SOLUTION (THETA,PHI) *
i 748 C * BACK TO GLOBAL (XLAT,XLNG) *
749 C AR AR R R R A B R AR AR AR E R R R PR RSN X
i 750 c
i 751 900 ICONVX = 2
! 752 CALL SPHGLN (ICONVXs XLATs XLNGs THETA, PHI)
1 ' 753 IF (ICONV +EGe 2) GO TO 230
' 754 C
i 755 C
i 756 C 3T I 3 22 2SS S RS S 2SS SRS 22 222 2
H 757 C * PAST VIIL *
i 758 C * NORMAL TERMINATION *
.‘ 759 C R AR R EA R SRR AN R R
: 760 C
i 761 RETURN
H 762 C
1 763 C
764 C X S 2 ES 2 S RSS2 2RSSR 2SR 2222222222 22 8
76% C * PART IX .
766 C * ABNORMAL TERMINATION *
,' 767 C KRR EEKRRE KR KRR R KRB A bRk kR R S R
{ 768 C
) 769 1000 WRITZ (6+6130) FRMLAT, FRMLNG, TOLAT, TOLNG
4 { 770 6130 FOQRMAT (1HO, *#**x*#WIND FACT(GR “RROR DIAGNQSTICS*k%dr1/1X,
i 771 8 'FROM=LAT = *, F10e2s T30, 'FROM=LNG = ', T41l, F10s2/1X,
i 772 & *TO=LAT = 'y F10.2s T32, *TO=-LNG = 'y Ta4l, F1l0.2/7)
i 773 CALL FXEM (61s 'SUBROUTINE GRTCIReesILLEGAL ICONV', 9)
} 774 GO TO 1050
: 775 1010 CONTINUE
i 776 GO TO 1050
777 1020 WRITE (64+6130) FRMLAT, FRMLNG, TOLAT, TOLNG
778 CALL FXEM (61, 'SUBROUTINE GRTCIR««sSOLUTION NOT UNIQUE IN THETA',
779 8 12)
780 1050 IF (ICONVS «EQe 2 «0ORe ICONVS EQe 3) GO TU 1060
781 IF (1CONVS «EQe ¢ «0Re ICONVS oEQe 5) GO TO 1070
782 1060 XLAT = 00
783 THETA = 0.0
784 RETURN
7R5 1070 XLNG = 0e0
786 PHI = 0.0
767 KETURN
7886 END
49
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CSPHGLD CONV SPH<>GLOBAL/R. Co WHITO:./05 FEB

C

1979

SUBROUTINE SPHGLU (ICONV, XLAT, XLON, THETA, PHI)H
C
Y I N R R A R PR S R R R S PSP R SRR AR R A R SR R 0 ) 2 )
C»
Cs PROGRAM ID=- SPHGLO
Cx MET ANALYST- MAJ ROGER Ce WHITONs USAFETAC/DNS. EXT 5412
Cs SYS ANALYST=- MAJ ROGER Ce WHITUN., USAFETAC/DNS. EXT 5412

Ce PROGRAMMER = MAJ ROGER Ce WHITON, USAFETAC/DNS., EXT 56412

Ce

Cs CREATED ON- 05 FEB 1979 PRUOJECT- 192301

C»

Cs DESCRIPTION- THIS SUBROUTINE SUBPROGRAM CONVFRTS GLOBAL COOR-
Cx ODINATES (LATLON) TO MATHEMATICAL SPHERICAL CQOR~-
Cx DINATES (THETA.PHI)s DR VICE~VERSA. DEPENDING ON
Ce THE VALUE OF THE ICONV FLAG (1CONV=1 FOR CONVER-
C* SION OF (LAT,LON) TO (THETAWPHI). AND ICONV=2 FOR
C* CONVERSION OF (TrETALPHI?Y TO (LATLON).

C*

C* METHOD = FOR CONVERSION OF (LAT.LON) TD (THETA.PHI)ese

C*x

C* THETA = (P1/2.,0) = XLAT

C» PHI = =XLON FOKk XLON +LEs 0.0

C* PHI = (2.0%F[) = XLON FOR XLON +GTe Qa0 N
C* IF (PHI «4GTe PI) PHI = PHI = (2.0%P1) '
C*

C* FOR CONVERSIOM OF (THETA,PHI) TO (LAT,LON)ess

C*x

C* XLAT = (P1/2.0) - THETA .
C* XLON = =PHI FOR PHI LLT. PI y
c* XLON = (2,0%PI) =~ PHI FOR PHI +GE. PI .3
(4] .
C» FOR ABS(PHI) «LTe 2.0%P1

Cx

C* NOTE TYHAT SOUTH LATITUDES AND EAST LONGITUDES ARE

Cx HANDLED AS NEGATIVE NUMBERS AND MUST BE Su SPECI-

C* FIED ON INPUT/OUTPUT FROM THE SUBROUTINE. LATI-

C» TUDES AND LONGITUDPES ARE IN DEGREES, WHILE THETA

Cx AND PHI ARE IN RADIANS. THF AZIMUTH ANGLF PHI IS

Cx* THE ANGLE COUNTERCLOCKWISE FROM GREENWICH. THE

Ce* ABSOLUTE VALUF RINGFS FROM 0.0 TC 2.0%¢PI RADJANS.

C» NEGATIVE VALUrS INDICATE CLUOCKWISE, THE COLATI~-

Cs* TUDE ANGLE THETA IS THE ANGLE SOUTHWARD FRGM THE

[ NORTH POLE AND RANGES FROM 0.0 TO PI RADIANS,

Cx

Cs INPUT 3§ 1CONV = FLAG CONTROLLING WHETHER CONVERSION IS .
C* QUTPUT - FROM (LATLLON) TO (THETA,PHI) (ICONV=1)

e GR FRO" (THETAGPHI) YO (LAT,LON)

(4] (ICUNV=2)e WHEN RFTURNED AS OUTPUT, .
s ICONV = 1 QR 2 FOR NORMAL TFRMINA-

Cs TION O A NUMHLR GREATER THAN UK

<€ OR EQUAL TO 10 FOR ABNORMAL TERMINA- .
Ce TIONe ABNORMAL TERMINATION COOFS Y
Ce FOR ITCUNV AREae..

C»

Cx 10~  ERRONFOUS TCONV SPECIFIFD

C* 11= OUT=-UF~30UNCS XLAT

Cs 12- OUT=-0F=~%0OUNDS XLON

Ca 13- OQUT=-0F~BUUNDS THETA

Cs 16~ QUT-0F~R0UNDS PHI :
Ce i
Ca XLAT = LATITUDE IN DEGREFS, Oe0 TO 9060, !
Ce POSITIVE FOR NORTH LATITUDES AND NEGA=-

C» TIVE FOR SOUTH LATITUDES. '
C#

Ce XLON = LUNGITUDE IN DEGRHIS, 0N0e0 TO 180eJs PUSI-

Ce TIVE FIr wWEST LONGITULDES AND MEGATIVE FOR
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69
70
71
T2
73
74
75
T¢
17
78
79
80
8]
82
83
34
b5
86
b7

89

90

91

92

93

94

95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
116
115
116
117
1lb
il9
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136

Cs
C»
C»
C»
Ce
C»
Ce
Ce
Cx
Cx
Cx
C»
Cs
C*
C*
Cx
Cx
Cx
Cx
Cx*
Cx
C#
Cx*
Cx
Cx
Cx
C»
C»

EAST LUNGITUDES,.

THETA = COLATITUDE ANGLE IN RADIANS, 0.0 YO PI
RADIANS SOUTHWARD FROM NORTH, PNSITIVE,

PHI = AZIMUTH ANGLE IN RADIANS, 0.0 TO P}
RADIANS, COUNTERCLOCKWISE FROM GREENWICH
LOOKING DOWN AT THE NORTH POLE. NEGATIVE
VALUES INDICATE CLOCKWISE,.

SYSTEM SuUB-
PROGRAMS
USED=- NONE

USER SuB~-
PROGRAMS
USED~- NONE

ESTIMATED
CPU TIME- TO BE SUPPLIED.

STORAGE
REQUIREMENTS- PROCEDURE PLUS DATA gCCUPY 154 WORDS OF
CORE STORAGE.

PROGRAM
UPDATES~ NONE

CHREXRRE R ARER AR R R R ERERR R KRR F A F AR R TR KA SRR SRR R R R R &

C

[aNaNaNaNaRal-

[aNaNaXaNal

laNa¥aXaKal

100

200

220

250

260

275

400

DATA TWGPI/6.2831853/, P1/73.16415927/, PID2/1.5707963/,
DTOR/0.,01745329/, RTLD/5Te295780/

DEPENDING ON THE VALJE OF THE ICONV FLAG, CONVERT (LAT.LON)
TO (THETA.PHI) (ICONV=1) OR CONVERT (THETALPHI) ToO
(LATLLONY C(1CONY=2)e FOR INPST 1CONV OTHER THAN } OR 2,
AN ERROR CONDITION (ICONV=]10) IS RETURNED.

1F (ICONV «FJe 1 «0ORe ICONV oEwe 2) GN TO 100
ICONY = 10

GO TO 1000

GO TO (200, 400)s ICONV

CONVERT (LATLLON) TO (THETA,PHI)a RETURN FRROR CONCITION
ICONV=11 FOR QUT=-0F-BOUNDS XLaT AND ICONV=12 FOR OUT=-0F=-

30UNDS XLON,

IF (XLAT oLFe 90¢0 +ANDs XLAT ,GEe -90.0) GN TO 220
ICONV = 11

GD 70 1000

IF (XLON oLEes 18060 oANDe XLON «GEs =-1804.0) GO 70 250
ICONY = 12

GO 10 1000

THETA = PID2 - (XLAT * DTOR)

IF (XLON) 26042600275

PHI = =(>".ON * DTOR)

IF (PHI «GTe FI) PHI = PHI - TvwOPIl
G3 T0 800

PHI = TWOPI - (XLON * DTOR)
1F (PHI «GTe PI) PHI = PH1 - TwoPl
GO 10 80v

CONVERT (THETA,PHI) TO (LAT,LON)s RETURN ERROR CONDITION
ICONV=13 FOR OUT-OF=BOUNDS THETA AND ICONV=z=14 FOR OUT-0OF=~-
BOUNDS PHl. ADJUST COMPUTFD LONGITUDE FOR DATELINE FOLD.

IF (ABS(THETA) .LE. PI) GO TO 420
ICONV = 13

w

iave o candyees,




' 137 GO 10 1000

138 420 IF (ABS(PHI) +LEe. TWOPI) GO TO 450
139 ICONV = 14
1 140 GO TO 1000
161 450 XLAT = RYOD * (PID2 = THETA)
142 IF (PHI +LTe. P1) GO TO 475
143 XLON = RYOD * (TWOPI =~ PHI)
144 60 TO 500
145 475 XLON = =~(PHI * RTOD)
{ 146 S00 IF (XLON +GTe 18040) XLON = XLON - 360.0
. 147 IF (XLON oLTe =180e0) XLOUN = XLON ¢ 360.0
§ 148 C
' 149 C NORMAL TERMINATION.
; 150 c
§ 151 800 RETURN
i 152 C
‘ 153 d ABNORMAL TERMINATION
\ 154 C
. 155 1000 XLAT = 0.0
{ 156 XLON = 0.0
4 157 THETA = 040
! 156 PHI = 0.0
: 159 RETURN
' 160 END
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! 1 CDISTAN GRT CIRCLE DIST/Re Co WHITON/26 OCT 1978
i 2 C
) 3 SUBROUTINE DISTAN (FRMLAT, FRMLNG, TOLAT, TOLNG, 6CD)
4 C
§ 5 CHRRBRRSERRR A AR RN AR AR AR R A R RS Rk KRR AR RS SRR R RS RS E B R G EE R
i 6 C*
7 Ce PROGRAM 1D~ DISTAN
} 8 C* MET ANALYST- MAJ ROGER Co WHITON, USAFETAC/DNS, EXT %5412
‘ 9 C* SYS ANALYST- MAJ ROGER Co WHITON, USAFETAC/DNS, EXT Sa12
; 10 C* PROGRAMMER - MAJ ROGER Ce WHITON, USAFETAC/DNS, EXT 5412
11 C*
i 12 Cs CREATED ON- 26 0CT 1978 PROJFCT~- 192301
b 13 C=*
; 16 Cs DESCRIPTION- THIS SUBROUTINE SUBPROGRAM COMPUTES GREAT CIRCLE
15 Cx DISTANCE OVER SPHERE OF THE EARTH BETWEEN TWwO
] 16 Cs POINTS *A* AND *B' WHOSE (LATITUDE,LONGITUDE) IS
P 17 C* SPECIFIED IN INPUT ARGUMENTS.
> 1b s
i 19 Ce METHND~ THE CONVENTIONAL FORMULA FOR THE GREAT CIRCLE ARC
i 20 Ce GCD IN RADIANMS IS USED (REF 2)s NAMELY.
{ 21 C»
; 22 Ce GCD(RADIANS) = ARCOS(SIN(FRMLAT)®SIN(TOLAT) +
. P C» COS(FRMLAT)*COS(TOLAT)*COS{TOLNG=FRMLNG))
P Cs
25 Cs WHERE INDEPENDENT VARIABLES ARE AS DESCRIBED IN
i 26 [ THE INPUT ARGUMENTS BELOws LATER, GCD IN RADIANS
27 Cx OF ARC 1S CONVEARTED TO GCD IN NAUTICAL MILES (NM)
26 C» OF CIRCULAR DISTANCE BY MULTIPLYING PY THE
29 Cx RADIUS OF THF EARTH, 3440 NM. GCD IS RETURNED TO
30 Cx THE MAIN PROGRA# IN NM,
31 Cx*
32 C* LIMITATIONS=- 1e (LAT,LON) OF DESTINATION MUST NOT BE SAME
33 Cx* AS (LAT,LON) OF ORIGIN.
34 Cx
3s C* REFERENCES- 1e¢ CONRAD AND POLLACK, 1950~ METHODS IN CLIMA-
36 Cx TOLOGY
37 C* 2e¢ HEWLETT-PACKARD, 1975- HP-65 NAVIGATION PAC 1
3w [
35 Cs INPUT = FRMLAT = LATITUDE OF POINT *A* (ORIGIN) IN DEG
40 Cx FAMLNG = LOMGITUDE OF POINT *A' (ORIGIN) IN DEG
41 C* TOULAT = LATITUDE OF POINT *B*' (DESTINATION) IN
42 Cx* DEG
43 C# TOLNG = LONGITUDE OF POINT 'B* (DESTINATION) IN
44 C* DEG
45 C*
46 Cs NCTE- ALL SUUTH LATITUDES AND EAST LONGITUDES MUST
47 Cs BE SUPPLIED AS NEGATIVE NUMBERS.
4y Cx*
49 C»* QUTPUT = GCD = GREAT CIRCLE DISTANCE IN NM OF ARC OVER
50 C# THE SURFACE OF THE EARTH
51 C*
52 C* SYSTEM SUB-
53 Cx PROGRAMS
54 C» USED- SINs, COSes ARCOS
9% C» ‘
56 Cs USER SUB-
57 C* PROGRAMS
58 Cc* USED- NONE
59 Cx
[V} C» ESTIMATED
61 Cx CPU TIME=~ ON A DEC~10 GENERAL PURPOSE COMPUTER, THIS SuUB~
62 C» ROUTINE REQUIRES 23 CPU MILLISECONDS PER CALL. i
63 C |
64 Cn STORAGE i
65 C» REQUIREMENTS= PROCEDURE PLUS DATA OCCUPY 94 WORDS OF
60 Cs STORAGE .

53
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C»
C»
C*
C»

PROGRAM
UPDATES~ NONE

Ct#t“l#*tt##“*tt“*“‘tt“tt"tt“it‘ttt“t“‘t.‘.‘t“‘t“.“‘t.‘.“

[aNaNalal

laNaNa¥al

e NaNaNal

[aWal

CONSTANTS. DTOR CONVERTS DEGREES TO RADIANS. A IS THE RADTUS OF
THE EARTH IN NAUTICAL MILES (NM).

DATA DYDR/0.01745329/+ A/3440.0/

COMPUTE GCD IN RADIANS OF ARC. MULTIPLICATION AY DTOR CONVERTS
DEGREES TO RADIANS.

SIN1 = SIN(FRMLAT * DTOR)

SIN2 = SIN(TOLAT * DTOR)

€0S) = COS(FRMLAT #* DTOR)

C0S2 = COS(TOLAT * DTOR)

C0S3 = CO0S( (TOLNG * DTOR) -~ (FRMLNG * DTOR) )
GCR = SIN] * SIN2 + COS1 * CO0S2 * Cc0s3

GCD = ARCOS(GCR)

CONVERT GCD FROM RADIANS OF ARC TO CIRCULAR DISTANCE BY MULTIPLY~
ING BY THE RADIUS OF THE EARTH A, 3440 NM.

GCO = GCO = A
TERMINATION,

RETURN
END

.
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4
? 1 CHDG INITIAL HEADING/P.Le. HEROD/12 FEB 1979
1 2 c
! 3 FUNCTION HDG (XLAT1s XLNGls XLAT2, XLNG2)
rs c
i 5 CABS AR R PR PR SRR R R LR R KRR LR LR R R FE R R E R LR SRS A ERXERE VR E SRS PSS 2RSS i
] 6 C» §
z 7 Cx PROGRAM ID- HDG ;
8 C* MET ANALYST- CAPT PATRICK L« HERQODy USAFETAC/DONS, EXT 5412 ?
’ 9 Cc* SYS ANALYST- MAJ ROGER Co. WHITON, USAFETAC/DNS, EXT Sa12 )
i 10 C* PROGRAMMER= CAPT PATRICK L. HERODs USAFETAC/DNS, EXT 5412 i
: 11 Cc*
} 12 Ce CREATED ON- 12 FEB 1979 PROJECT~ 192301 '
{ 13 C* :
. 14 Cc# DESCRIPTION~ THIS FUNCTION SUBPROGRAM FINDS THE INITIAL HEADING ;
2 15 Ce (HDG) ALONG A GREAT CIRCLE COURSE FLOWN FROM POINT ;
§ 1€ Cx ‘At (XLAT1sXLNG1) TO POINT *B* (XLAT2+XLNG2)e IT
: 17 Cc* WAS DEVELOPED FROM THE HEWLETT-PACKARD 65 (HP=65)
§ 16 C* AVIATION PAC 1, GREAT CIRCLE NAVIGATION, APRIL
: 19 Cx 1975. :
20 Cx ;
21 Cs METHOD~ THIS FUNCTION SUBPROGRAM FIRST USES INPUT LATITUDES ‘
' 22 cx AND LONGITUDES FOR POINTS 'A* AND *B* AND CONVERTS i
: 23 Ccx THEM FROM DEGREES TO RADIANS., IT THEN USES THE :
24 Cs HEADING FORMULA FOUND ON PAGE 54 OF THE HP-65 AVIA- [
25 Cc* TION PAC | FOR CALCULATION OF THE INITIAL HEADING ;
26 C* FROM POINT *Ae* SINCE THE GREAT CIRCLE DISTANCE ;
27 Cs {GCD) IS IN THIS HEADING FORMULA, THE FUNCTION SuB- i
28 Cx PROGRAM MAKES A CALL TO SUBROUTINE DISTAN, WHICH ;
29 Ccx RETURNS THE GCD IN NAUTICAL MILES (NM) FROM POINT .o
30 C* At TO POINT *B.t* FUNCTION HDG CONVERTS GCD 1IN -4
31 Ccs* NM TO GCD IN RADIANS. THE GCD IN RADIANS IS USED IN o
32 < THE HDG FORMULA. HDG IS COMPUTED IN RADIANS. 4
33 Cs THERE IS A FINAL CONVERSION PROCESS WHICH ENABLES
34 Ccx THIS FUNCTION TO OQUTPUT THE INITIAL HEADING IN
35 Cc* DEGREES.
36 Cx
37 c* LIMITATIONS- TRUNCATION AND ROUNDOFF ERRORS OCCUR WHEN POINT taAv .
38 Cs AND POINT *'B' ARE VERY CLOSE TOGETHER (1 MILE OR 1
39 Cs LESS)e INPUT DATA IS IN DECIMAL DEGREES. NOT DE=-
40 Cs GREES, MINUTES AND SECONDSe NORTH LATITUDES AND
a1 Cx WEST LONGITUDES ARE POSITIVE NUMBERS. SOUTH LATI-
a2 Cx TUDES AND EAST LONGITUDES ARE NEGATIVE NUMBERS.
43 Cx
a4 c* REFERENCE~ HEWLETT-PACKARD, 1975- AVIATION PAC 1,
a5 Cx GREAT CIRCLE NAVIGATION
46 C*
47 Cs INPUT= XLAT1 = LATITUDE OF POINT *A* (ORIGIN) IN DECIMAL
'Y C# DEGREES
49 C XLNG1 = LONGITUDE OF POINT *A* (ORIGIN) IN DECIMAL
50 C* DEGREES
51 C» XLAT2 = LATITUDE OF POINT '8B' (DESTINATION) IN
52 Cx DECIMAL DEGREES
53 Cs XLNG2 = LONGITUDE OF POINT *B* (DESTINATION) IN
54 Cs DECIMAL DEGREES
st C#
56 C» OUTPUT- HDG = INITIAL COURSE MEADING ALONG GREAT CIRCLE
57 C* FROM POINT *A®' TO POINT *B* IN DECIMAL
56 Cs OEGREES TOWARD WHICH
59 Cs
60 Cs SYSTEM SUB-
61 Cs PROGRAMS
62 C* USED- SINes COS, ARCOS
63 Ca
64 Cx USER SUB-
65 Cs PROGRAMS
66 Ca USED=- DISTAN
67 Cn
68 Cs ESTIMATED

55
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69 Cx CPU TIME- TO BE SUPPLIED.
70 Cx
71 Cs STORAGE |
72 Cs REQUIREMENTS~ PROCEDURE AND DATA QCCUPY 108 WORDS OF CORE
73 (4] STORAGE .
74 C*
75 Cx PROGRAM
76 Cs UPDATES=~ NONE
7 Cx
78 CRRRRRRSARRRRE RN G AEBERR AR SRR R SRR RSB AR AR SRR KA ER RSB REER S SRR &
79 C -
80 DATA A/3440,0/, P1/341415927/, DTOR/0,01745329/
81 C
H 82 C CONVERY LATITUDE AND LONGITUDE FROM DEGREES TO RADIANS.
83 C
84 XLATIR = XLAT!1 = DTOR
i 8s XLNGIR = XLNG1 = DTOR
' 86 XLAT2R = XLAT2 # DTOR
: 87 XLNG2R = XLNG2 %= DTOR
a8 C
89 C CALCULATE GCD IN NAUTICAL MILES (GCDNM) FROM (XLAT1,XLNG1) TO
' 90 C (XLAT2,XLNG2),
; 91 C
; 92 CALL DISTAN (XLAT1ls XLNGls XLAT2+ XLNG2, GCDNM)
93 C
94 C CONVERT GCD IN NAUTICAL MILES (GCDNM) TO GCD IN RADIANS (GCDR).
95 C
96 GCDR = GCDNM / A
97 C
98 C CALCULATE HEADING IN RADIANS (HDGR) FROM MEWLETT-PACKARD 65
99 [4
100 HOGR = ARCOS((SIN(XLAT2R) = (COS(GCDR) * SIN(XLATIR))) /
101 3 (SIN(GCDR) * COS(XLAT1IR)))
102 IF (SINU(XLNG! = XLNG2) * DTOR) oL¥e 0.,0) HDGR = 2,0 #* PI - HDGR
103 C
10a C CONVERT HEADING IN RADIANS (MDGR) TO HEADING IN NAUTICAL MILES
105 C (HDG) o
106 C
107 HDG = HDGR / DTOR
108 [«
109 C NORMAL TERMINATION.
1io0 C
111 RETURN
112 END
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i
1 CBRILNG BRACKET LONGITUDE/Pe Le HEROD/1T7 JAN 1979
2 C
3 SUBROUTINE BRLNG (XLNGs XLNGLO. XLNGMI)
4 C
g CHEBRRERARPRRRRERRRRERER AR PR R E R AR ER AR ERE SRR RS LS E PSS A SRS U U LRSS KR
(] Cx
7 C* PROGRAM 1D~ BRLNG
8 C* MET ANALYST=- CAPT PATRICK Lo HERODs USAFETAC/ONS. EXT 5412
{ 9 C» SYS ANALYST=- MAJ ROGER Co wHITON, USAFETAC/DNS, EXT 5812
10 C* PROGRAMMER~ CAPTY PATRICK Le HERDDs USAFETAC/DNS, EXT 56412
11 Cx
A 12 C* CREATED ON- 17 JAN 1979 PROJECT 192301
} 13 C*
14 C* DESCRIPTION- THIS SUBRQUTINE SUBPROGRAM FINDS THE LONGITUDINAL
15 C* VALUES THAT BRACKET A GIVEN LONGITUDE. THE LON-
i 16 C* GITUDINAL BRACKET VALUES ARE IN INCREMENTS OF 30.0
' 17 C* IeEes A GIVEN LONGITUDE OF 132.35 HAS BRACKET VALUES
} 18 C* OF 12040 AND 150.0.
19 C*
20 C* METHOD~- THE METHOD USED TO COMPUTE THE BRACKET LONGITUDE
: 21 Cx VALUES IS A SIMPLE ALGEBRAIC ALGORITHM INVOKING
B 22 C* INTEGER ALGEBRA, SEPARATE EQUATIONS ARE REQUIRED
. 23 C» DEPENDING ON WHETHER WEST (POS) OR EAST (NEG)
’ 24 C*x LONGITUDES ARE USED.
’ 25 C*
26 C* LIMITATIONS=- ANY LONGITUDE VALUE FROM 000 TO 179.99 CAN BE
27 Ce USED AS INPUT BUT THE BRACKET LONGITUDE VALUES
28 C» WILL ALWAYS BE 300 TIMES SOME INTEGER NUMBER
29 C* (O0eOs¢ 30609 6000y ETCo)e
30 C*
31 C* IN THE CASE WHERE THE INPUT VALUE IS A BRACKET
az C* LONGITUDE AND A PDSITIVE NUMBER, THE RETURNED
L 33 C* LONGITUDE BRACKET VALUES WILL BE THE INPUT
34 C* VALUE PLUS 30.,0. IF THE INPUT VALUE IS A BRACKETY
35 C* VALUE AND A NEGATIVE NUMBER, THE RETURNED LONGITUDE
36 C* BRACKET VALUES WILL BE THE INPUT VALUE AND THE
37 C* INPUT VALUE MINUS 30e0s IF PLUS/MINUS 180.0 IS THE
38 C* INPUT VALUE, THE RETURNED LONGITUDE BRACKET VALUES
39 Cx ARE FICTITIOUS (PLUS/MINUS 1800 AND PLUS/MINUS
40 C* 21000
41 C*
42 C» INPUT =~ XLNG = LONGITUDE FOR WHICH BRACKETING LONGITUDE
43 C* VALUES ARE DESIRED.
44 C*
5 C* OUTPUT~ XLNGLD = LOWER BRACKETING LONGITUDE VALUE
46 C*
7 Cx XLNGHI = UPPER BRACKETING LONGITUDE VALUE
4B C*
49 C* SYSTEM SuUB~-
50 Cx*x PROGRAMS
51 C* USFD- IFIX
52 C*
53 C* USER SuB-
54 Cs PROGRAMS
55 Ce USED~- NONE
S5¢ C»
s 57 C* ESTIMATED
H 58 C* CPU TIME~ TO0 BE SUPPLIED
59 C*
60 C STORAGE
D] C REQUIREMENTS~ PROCEDURE PLUS DATA OCCUPY 60 WORDS OF STORAGE.
62 Cs
63 Cx PROGRAM
64 C» UPDATES~ NONE
65 Cw
66 CHERgp b gt R s a R AR RRR RN AR R KR A RE R AR ER AR AR RERERE B ERER B AR AT ES
67 C
68 DATA OELYLO/30,0/
57
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T2
73
T4
75
76
77
78
79
80
81

83
84
85
856
67
o8
3]
90
91
92
93
94
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105

120

BRANCH TO POSITIVE OR NEGATIVE LONGITUDE COMPUTATION.

IF (XLNG) 110,105,105

LOWER LONGITUDE LIMIT FOR POSITIVE LONGITUDE.
XLNGLO = IFIX (XLNG/DELTLO) % DELTLO

UPPER LONGITUDE LIMIT FOR PUSITIVE LONGITUDE.

XLNGHI = XLNGLO + DELTLO
GO TO 120

LOWER LONGITUDE LIMIT FOR NEGATIVE LONGITUDE.
XLNGLO = (IFIX(XLNG/DELTLO) - 1) % DELTLO
UPPER LONGITUDE LIMIT FOR NEGATIVE LONGITUDE.
XLNGHI = XLNGLO + DELTLO

TERMINATION.

RETURN
END
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1 CBRLAT BRACKET LATITUDE/Pe L« HEROD/02 JAN 1979
2 C
3 SUBROUTINE BRLAT (XLAT, XLATLO, XLATHI)
4 C
5 CrR e AR g R AR R R AR AR AR ERERER R AR R R REE AR RS R B A E N RS SRR A E B AR S R SRS XSRS g b ¥
6 Cx
7 Cx PROGRAM ID- BRUAT
8 Cs MET ANALYST=- CAPT PATRICK Lo HEROD. USAFETAC/DNS. EXT 5412
9 Cx SYS ANALYST~- MAJ ROGER Ce WHITON, USAFETAC/DNS, EXT 5412
10 C* PROGRAMMER = CAPT PATRICK Le HEROD, USAFETAC/DNS, EXT 5412
11 Cx
12 Cc* CREATED ON- 02 JAN 1979 PROJECT 192301
I 13 Cs
i 14 C* DESCRIPTION- THIS SUBROUTINE SUBPROGRAM FINDS THE LATITUDINAL
15 C* VALUES IN TENTHS OF DEGREES THAT BRACKET A GIVEN
16 C# LATITUDE. THE LATITUDE BRACKET VALUES ARE IN
i 17 Cx INCREMENTS OF 15,0, IeEes A GIVEN LATITUDE OF 27.46
H 16 Cce HAS BRACKET VALUES QOF 150 AND 30.0.
19 C»
20 C* METHOD- THE METHOD USED TO COMPUTE THE BRACKET LATITUDE
21 Cs VALUES IS A SIMPLE ALGEBRAIC ALGORITHM INVOKING
! 22 C» INTEGER ALGEBRA. SEPARATE EGUATIONS ARE REQUIRED
H 23 C» DEPENDING ON WHETHER NORTH (POS) OR SOUTH (NEG)
‘ 24 C* LATITUDES ARE USED.
25 C»
26 Cx LIMITATIONS- ANY LATITUDE VALUE FROM 0.00 TO PLUS/MINUS 89.99
27 C* CAN BE USED AS INPUT BUT THE BRACKET LATITUDE
28 C* VALUES WILL BE 15,0 TIMES SOME INTEGER NUMBER
29 Cx (0e0s 150, 3040, 85.04 ETCe)e IN THE CASEF WHERE
30 Cc* THE INPUT VALUE IS A BRACKET VALUE AND A POS~
31 Cx ITIVE NUMBER, THE RETURNED LATITUDE BRACKET
32 C* VALUES WwILL BE THE INPUT VALUE AND THE INPUT
33 Cs VALUE PLUS 15,0. IF THE INPUT VALUE IS A BRACKET
3a Cs* VALUE AND A NEGATIVE NUMBER, THE RETURNED LATITUDE
35 Cc* BRACKET VALUES WILL BE THE INPUT VALUE AND THE
36 Ccx INPUT VALUE MINUS 15.0e IF PLUS/MINUS 90.0 IS THE
37 C* INPUT VALUE, THE RETURNED LATITUDE BRACKET
38 Ce VALUES ARE FICTITIOUS (PLUS/MINUS 90.0 ANOD
39 C* PLUS/MINUS 105.0),
40 Cx
41 Cc* INPUT = XLAT = LATITUDE FOR WHICH BRACKETING LATITUDE
a2 C* VALUES ARE DESIRED.
a3 C*
44 Cx» QUTPUT= XLATLO = LOWER BRACKETING LATITUDE VALUE
45 C*
46 Cx XLATHI = UPPER BRACKETING LATITUDE VALUE
47 c*
a8 c* SYSTEM SUB-
49 C* PROGRAMS
50 Cx USED=- IFIX
51 (o
52 C* USER SUB~-
53 Cc» PROGRAMS
54 Cc* USED~ NONE
55 cx
56 Cc* ESTIMATED
57 C* CPU TIME~- TO BE SUPPLIED
58 4]
59 Cc» STORAGE
60 c*
61 Cc* REQUIREMENTS~- PROCEDURE PLUS DATA OCCUPY SB WORDS OF STORAGE.
62 Cc»
63 Cc* PROGRAM
64 c* UPDATES~- NONE
65 C*
66 COHERRSERERRR AR AR AR AR AR R R AR IR KRG RAGEB R R AN R AL R G AR AR SR REE SRR kS
67 C
68 DATA DELTLA/15.0/

59
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a 69 C
b 70 4 BRANCH TO POSITIVE DR NEGATIVE LATITUDE COMPUTATION.
71 C
72 IF (XLAT) 110+105,105
73 C
! 74 C LOWER LATITUDE LIMIT FOR POSITIVE LATITUDE.
H 75 C
76 105 XLATLO = IFIX (XLAT/DELTLA) * DELTLA
77 C
78 C UPPER LATITUDE LIMIT FOR POSITIVE LATITUDE.
3 79 C
; B0 XLATHI = XLATLO + DELTLA
61 GO0 10 120
62 C
b 83 C UPPER LATITUDE LIMIT FOR NEGATIVE LATITUDE.
8a C
2 88 110 XLATHI = IFIX (XLAT/DELTLA) * DELTLA
86 C
ﬁ 87 C LOWER LATITUDE LIMIT FOR NEGATIVE LATITUDE.
' 88 C
89 XLATLO = XLATHI = DELTLA
S0 C
91 « TERMINATION,
: 92 C
! 93 120 RETURN
; 94 END

60







